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FUNGI IN AIR MASSES OVER MONTREAL 
DURING 1950 AND 1951! 


By S. M. Papy? Aanp L. Kapica? 


Abstract 


Numbers and kinds of fungi were determined from nutrient plate and silicone 
slide studies from the roof of the Sun Life Building, Montreal, between September 
1950 and December 1951. Exposures of plates were made in the General 
Electric Bacterial Air Sampler, and plates and silicone slides in the Bourdillon 
Slit Sampler. A total of 978 exposures was made on 113 sampling days during 
16 months; 507 plates in the G. E. Sampler, 344 plates and 127 slides in the 
Slit Sampler. Of 40,359 colonies examined, Cladosporium, Penicillium, yeasts, 
Aspergillus, Alternaria, and Actinomycetes were commonest, constituting 47.7, 
15.8, 10.4, 4.6, 4.2, and 2.2% of the total. The next commonest fungi were 
Pullularia, Oéspora, Fusarium, Stemphylium, Verticillium, Rhizopus, Spicaria, 
Scopulariopsis, Phoma, Mucor, Botrytis, Cephalosporium, Trichoderma, Helmin- 
thosporium, Neurospora, Papularia, Cephalothecium, Pyrenochaeta, Zythia, and 
Nigrospora. In addition 12 genera were infrequently found. Unidentified 
colonies numbered 174 and nonsporulating 3371 (8.3%). Ona cubic foot basis 
numbers in the plates varied from 17.7 per cu. ft. in August to 0.4 per cu. ft 
in February. 

Fungus spores showed a seasonal variation with summer highs averaging 
244 per cu. ft. in July to a low of 0.8 per cu. ft. in December. The most 
abundant spores were Cladosporium, yeasts, smuts, Fusarium, Alternaria, 
Venturia-like, Stemphylium, rusts, Septoria, and Helminthosporium. Hyphal 
fragments and pollen grains were present also. On eight occasions during the 
summer, readings of over 200 spores per cu. ft. were recorded, the maximum being 
445 per cu. ft. on September 6, 1951. Cladosporium in August reached a peak 
of 74. ? ef cu. ft. and yeast cells in July had an average concentration of 100 
per cu. ft. 

An analysis of the air masses indicated that pure polar air carried low numbers 
of fungi, whereas tropical air had very high numbers. Most of the air masses 
were modified polar air and their fungus content varied considerably. The 
fungi in the air over Montreal are believed to have had their origin in agricultural 
areas. 


Introduction 


In an attempt to determine the number and kinds of organisms in the air 
over Canada, an investigation of the air-borne flora was initiated in 1948. 
In co-operation with the Defence Research Board and the Royal Canadian Air 


1 Manuscript received August 2, 1955. 

This work was part of a co-operative project between the senior author in the Department 
of Botany and Dr. C. D. Kelly of the Department of Bacteriology, McGill University, Montreal, 
Quebec, and was supported by a grant (DRB-175) from the Defence Research Board, Ottawa, 
Canada. 

2 Present address, Head Department of Botany and Plant Pathology, Kansas State College, 
Manhattan, Kansas. 

3 Technical assistant for the project. Present address, Department of Bacteriology, McGill 
University, Montreal, Quebec. 


[The November number of this Journal (Can. J. Botany, 33 : 515-686. 1955) was 
issued November 24, 1955.] 
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Force, aerobiological studies were undertaken in the Arctic (14), over parts 
of Canada (5), over the Atlantic Ocean (15), and latterly from the roof of the 
Sun Life Building at Montreal, Canada (6). This work was primarily 
concerned with bacteria and fungi that were present in the air and was a 
joint project with Dr. C. D. Kelly, bacteriologist at McGill University and 
the senior author who was responsible for the mycological phases. The early 
phases of this work were carried out in fast moving aircraft and it gradually 
became apparent that sampling from aircraft was not entirely satisfactory as 
the results were highly variable, and only a relatively small number of samples 
could be obtained during any one flight. It became necessary, therefore, to 
supplement the data from the flights with data from stationary sites where 
large numbers of samples could be taken from any one particular air mass. 
This was first done at Churchill, Manitoba, in August, 1950, in conjunction 
with studies on the air-borne bacteria and fungi of the Arctic (12). 


The arctic investigations revealed that most of the bacteria and fungi 
obtained in the air and cultured in the laboratory were soil organisms which 
presumably had their origin in the great agricultural lands to the south and 
which were carried into the arctic by southerly winds. Polar air, as might be 
expected, was very low in numbers and these also were soil organisms. It was 
decided therefore to make a detailed and intensive study of the year round 
variation in the numbers of bacteria and fungi as they occurred in the air 
masses that moved over Montreal. In September, 1950, sampling began on 
the roof of the Sun Life Building*, Montreal, and continued through December, 
1951. A preliminary account of this work has been published by Dr. Kelly 
(6). The purpose of this paper is to present the results of studies on the fungi 
that were obtained during this period. The data on the kinds and numbers 
of bacteria will be published separately. 


Materials and Methods 


Although materials and methods used in this work have been previously 
described (7) certain features require amplification. Agar plates containing 
Czapek’s agar modified by adding 0.5% glucose and 0.1% yeast extract were 
used in the General Electric electrostatic bacterial air sampler and Bourdillon 
slit sampler. Slides treated with silicone grease (DC-4) were used for the 
study of fungus spores. In below freezing weather, Petri plates were coated 
with silicone grease and sterilized. Following exposure the plates were 
returned to the laboratory and agar added as described earlier (7). 


Exposure lengths varied from 7 to 20 min. for plates, the shorter periods 
being required when counts were high, as in September. Exposure times for 
slides varied with the amount of soot and dust and were generally from two 
to five minutes. Plates were exposed simultaneously in the two samplers, 
while the silicone slides were used only in the slit sampler. Samples were 
made over a two hour period between 10.00 a.m. and noon or over noon hour. 


* The co-operation and interest of the Sun Life officials is gratefully acknowledged, particularly 
Mr. A. Maddocks, Real Estate Office and Mr. S. P. Tyler, Publicity Department. 
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In order to obtain data from different air masses it was decided to sample 
each day for several days until there was a definite change in the weather. 
The usual sampling period was a week but this was sometimes extended or 
shortened by three or four days. After a week or two, sampling was resumed. 
In all, 978 exposures were made on 113 sampling days in 16 months, with 507 
plates in the G. E. sampler, 344 plates in the slit sampler, and 127 slides in 
the slit sampler. 

The plates were incubated at 25°C. and counts made at the end of five 
days with the unaided eye. Occasionally plates were kept 7 to 10 days when 
nonsporulating colonies were present. For identification, colonies were 
studied with low magnification and mounts examined under high power. The 
silicone slides were covered with a cover glass and lactophenol and 40 sweeps 
were made across the spore deposit under high power. The fungi in the plates 
and the spores on the slides were calculated on a cu. ft. basis. 

Controls were run on all phases of the work. Plates were poured and left 
for several days; any contaminated plates were discarded. At least one 
control was made each day on the sampling technique with plates being placed 
in the sampler then removed immediately. These controls were usually 
sterile but occasionally one or two contaminants developed. By using long 
extension cords, the samplers were always placed on the windward side of 
the roof. 


Comparison of the Two Samplers 


Both the G. E. and the slit samplers are considered to be efficient (1, 9), 
yet when operating side by side for the same period, the G. E. usually gave 
higher readings than the slit sampler. In Table I, the average monthly 
readings obtained by each sampler are given. It will be seen that, in general, 
the G. E. sampler gave somewhat higher values. During the winter when 


TABLE I 


COMPARISON OF DETERMINATIONS OF NUMBER OF FUNGI OBTAINED FROM PLATES EXPOSED 
IN THE G. E. AND SLIT SAMPLERS BETWEEN SEPTEMBER 22, 1950, AND 
DECEMBER 19, 1951 (SEE TEXT FOR DETAILS) 


Fungi per cu. ft. Fungi per cu. ft. 
Month G. E. Slit Month G. B. Slit 
September | May 6.1 4.3 
October 11.2 6.5 June 17.9 6.1f 
November 7.0 re July 17.8 13.1 
December 1.3 0.9 August 16.2 19.1 
sour 0.6 0.6 September 15.6 13.3 
ebruary 0.4 0.4 October 14.6 12.5 
March 1.4 0.8 November 4.8 3.2 
April 3.1 2.8 December 0.6 0.6 


* Slit sampler not available. 
¢ Slit sampler available for only part of the month. 
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counts were low, the two samplers gave similar readings, but during the 
summer the discrepancy was more marked, particularly in June when G. E. 
values were almost treble that of the slit sampler. It should be pointed out 
that in June when there was a large discrepancy (Table I), the figure for the 
slit sampler was based on a five day average as compared with 15 days for 
the G. E. In August however the situation was reversed and the slit sampler 
readings were much higher, the slit sampler average being based on only 
three days sampling, while the G. E. sampler was operated for seven days. 
This was due to the fact that the slit sampler was being used in June and 
August on transatlantic flights (13). It is possible that had the slit sampler 
been available for the full period, the results may have been more in line with 
those of the other months. 


Results 


Numbers of Fungi from Nutrient Plates 


The fungi that grew in the plates exposed in both the G. E. and slit samplers 
have been summarized in Table II. Cladosporium constituted 47.7% of the 
colonies examined and with rare exceptions occurred in all plates. Next in 
abundance was a group of five fungi which made up about one-third of the total, 
Penicillium, yeasts, Aspergillus, Alternaria, and Actinomycetes constituting 
15.8, 10.4, 4.6, 4.2, and 2.3% of the total. The remaining 32 fungi appeared 
occasionally in the plates and 174 colonies were not identifiable. Non- 
sporulating colonies which have been characteristic of previous aerobiological 
studies (11, 12) accounted for 8.3% of the total. 


TABLE II 
TOTAL NUMBERS OF FUNGUS COLONIES FROM 841 PLATES EXPOSED ON ROOF OF SUN LIFE 


BuILDING, MONTREAL, QUEBEC, FROM BOTH SAMPLERS FROM SEPTEMBER 22, 
1950, TO DECEMBER 19, 1951 (SEE TEXT FOR DETAILS) 


Fungi Number % Fungi Number % 
Cladosporium 19271 47.7 Neurospora 47 
Penicillium 6409 15.8 Papularia 44 
Yeasts 4224 10.4 Cephalothecium 37 
Aspergillus 1869 4.6 Pyrenochaeta 30 
Alternaria 1721 4.2 Zythia 17 
Actinomycetes 937 Nigrospora 13 
Pullularia 374 Sporobolomyces 3 
Odspora 343 Torula 5 
Fusarium 313 Stachybotrys + 
Stemphylium 164 Gonobotryum 3 
Verticillium 157 Pleospora 2 
Rhizopus 157 Sphaeronema 
Spicaria 116 Zygodesmella 
Scopulariopsis 101 Thamnidium 1 
Phoma 96 Phomopsis 1 
Mucor 93 Beauveria 1 
Botrytis 88 Chaetomium 1 
Cephalos porium 56 Unidentified sporulating 174 
Trichoderma 55 Sterile nonsporulating 3371 8.3 
Helminthosporium 51 Total 40359 
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In Table III a breakdown of the fungi has been attempted according to 
monthly distribution. The data from both samplers have been placed 
together and the average numbers of fungi per cu. ft. have been determined 
for the month. In addition the numbers per cu. ft. were worked out for each 
individual fungus; however, except for the top four or five (Table I), the 
numbers were so low that it was decided to present this information as 
percentages of the cubic foot figure. Where certain genera such as Zythia 
and Pyrenochaeta occurred less than 0.1%, their presence only was recorded 
in the table. 

It should be emphasized that there is considerable variation in numbers 
from day today. This is apparent from the figures of the actual daily samples 
which have been previously published (6). In November, for example, the 
G. E. sampler was used on 12 days with readings from 61 plates that varied 
from 1.1 to 38.0 per cu. ft. This variation was found to hold true for the 
winter months when numbers were less than one per cu. ft., as well as for the 
summer months where a peak of 17.7 per cu. ft. was reached in August. The 
highest daily averages were in June, when on June 20 with the G. E. sampler, 
a figure of 56.3 per cu. ft. was obtained and 41.4 per cu. ft. on the following 
day, as based on the number of colonies which grew in the plates. The 
lowest numbers were in January and February. Even here, despite the low 
temperatures, viable colonies were obtained on all days except February 7. 
In general, numbers of viable fungi were low in winter, increased gradually in 
April and May, remained high through June, July, and August, and declined 
slowly through September and October, with a sharp drop in November. 

Cladosporium shows a distribution that is similar to the over-all picture, 
with peak months in July, August, and September, and low numbers during 
January, February, and March (Table III). The typical variation is well 
illustrated by comparing the percentages of Cladosporium in October, 
November, December, 1950, with those of the same months for 1951. 
Cladosporium appears to be able to thrive during the growing season and to 
continue growth long after the first frost of early October. On the other 
hand, Penicillium is well represented throughout all months, even during the 
winter. Yeasts are somewhat similar with peak amounts occurring in the 
fall. Aspergillus appears to be more numerous during the spring months, 
whereas Alternaria, Fusarium, and probably the majority of the fungi listed 
in Table III occur during the growing season, which in southern Quebec is 
characterized by abundant moisture and moderate temperatures. 


Numbers of Fungus Spores from Silicone Slides 


The numbers of fungus spores that were obtained by exposing silicone slides 
in the slit sampler are recorded on a monthly basis in Table IV. Total 
numbers are given in cubic feet and constituent fungi as percentages of that 
amount. Fungus spores had a similar distribution through the year as did 
the colonies with highest numbers during the summer reaching definite peaks 
during July and August. The chief difference is in the higher numbers that 
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TABLE III 


NUMBERS OF FUNGUS COLONIES AVERAGED MONTHLY BY BOTH SAMPLERS. 


TOTALS GIVEN ON CUBIC FOOT 


BASIS AND GENERA AS PERCENTAGES OF THAT AMOUNT 
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were obtained. In July the range of fungus spores was from 173.2 to 364 
per cu. ft., and from 33.6 to 351.9 per cu. ft. in August. The highest single 
reading was 445 spores per cu. ft. on September 6, 1950. Fungus spores were 
present throughout the year on all slides except on March 15. During the 
winter, numbers were usually between 1 and 10 per cu. ft. with a gradual 
increase in April and May and a corresponding decrease in October. The 
number of fungus spores obtained in daily readings, presented in Table I (6), 
indicates that there is considerable variation from day to day. 


It was not possible to identify all of the spores present. After totals were 
obtained, individual counts were made of those fungi that were recognizable 
as Cladosporium, Alternaria, Helminthosporium, yeasts, rusts, smuts, Fusarium, 
Septoria, Venturia, and Stemphylium. The totals are given in Table IV on a 
cubic foot basis. Individual fungi were determined also on this basis but with 
the exception of Cladosporium, the numbers were so low that it was considered 
best to show them as percentages of the total. The actual number of spores 
and the number of slides, on a monthly basis, are also given (Table IV). 


Cladosporium was the commonest type of spore present with high numbers 
in July, August, and September. On August 15 and 16 and September 6 
there were 87, 120, and 122 spores per cu. ft. Yeast cells were also abundant, 
increasing in April and constituting the main type present through the late 
spring and early summer (Table IV). The maximum readings of yeast cells 
was 283 per cu. ft. obtained on July 23. Smut spores, of the Ustilago type, 
were present throughout the year, and were especially numerous from July 
to September with occasional high days in October. Readings of 101 and 112 
per cu. ft. were obtained on July 20 and October 5. Rust spores were found 
only occasionally and in low amounts, the highest reading being 2.0 per cu. ft. 
on April 27. Alternaria and Fusarium were present from spring to fall but 
never in large amounts. Stemphylium was largely confined to the cooler 
months of the fall. Septoria and Helminthosporium were found infrequently. 
Hyphal fragments were present throughout the year. These were usually 
dematiaceous and were often conidiophore fragments. There were many 
unidentified spores, particularly in the one-celled small hyaline group. One 
common type was small allantoid, frequently in groups. Another spore type 
was large, thin walled, hyaline or light brown, single celled. They were found 
in only a few cases, but always in large numbers in May and September. It 
is possible that they were spores of basidiomycetes. 

It should be emphasized here that many spores occur in groups or clumps, 
particularly Cladosporium which may have as many as 40 or 50 spores and not 
uncommonly an intact head with conidiophores and rows of conidia. Such a 
group falling on agar would make a single colony and possibly should be 
considered as a unit rather than as single spores as has been done in Table IV. 


Comparison of Numbers from Plates and Silicone Slides 


Since the fungus spores deposited on the slide represented the total number 
of spores in the air, whereas those that grew in the plates represented only 
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those that were viable and were able to grow on Czapek’s medium, a com- 
parison of these two figures should give some data on the spore viability. In 
Table V the number of colonies from plates exposed in the G. E. sampler and 
fungus spores from silicone slides exposed in the slit sampler at the same time 
have been arranged on a monthly basis, with the ratio between the total spore 
load and the viable spores as expressed by colony formation, in a third 
column. In general the number of spores exceeded colonies by a ratio of 
5-15 to 1. During the winter the ratio seemed to be approximately five to 
one, whereas during July and August, it was over 10 to 1. Two exceptions 
may be noted: in December 1950 and December 1951 the number of spores in 
the former was unusually low and in the latter unusually high (Table V). 
In each of these cases sampling was restricted to one day, the data are based 
on one slide only, and the discrepancies may be due to an insufficient number 
of samples. It is evident however that larger numbers of spores are present 
in the air than would be suspected by routine nutrient plate exposures. 


Fungi in Air Masses: Plate Studies 

The identity of the air masses that were sampled between September 1950 
and December 1951 was determined and has been published (6). Although 
Montreal is dominated by polar air, particularly continental polar air, it was 
discovered that it was usually modified, particularly if its trajectory was over 
the agricultural sections of the Canadian West. As a result five types of 
continental polar (cP) air, and four types of maritime polar (mP) air were 
recognized (Table VI). Of the 113 sampling days cP air and mP air were 
encountered on 89 and 22 days respectively. Tropical air (mT) was present 
on two occasions only. 


TABLE V 


COMPARISON OF THE FUNGUS SPORES FROM SILICONE SLIDES AND COLONIES FROM PETRI 
PLATES AND RATIO OF TOTAL TO VIABLE SPORES 


1950-51 Slides Plates Ratio |} 1950-51 Slides Plates Ratio 
October 93.8 8.9 10:1 June 88.8 12.0 ee | 
November 46.4 5.4 Fe | July 244.0 158.5. 16:1 
December 0.8* | ? August 195.3 
January 4.0 0.6 ee | September 165.9 14.5 19:1 
February 3.6 0.4 :4 October 51.9 13.6 4:1 
March 4.7 1.1 4:1 November 5.7 4.0 ee 
April 8.2 3.0 S24 December 59.3*t 0.6 98:1 
May 62.2 


* Based on one slide only. 
t Over 66% smut spores. 
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TABLE VI 


NUMBERS OF FUNGUS COLONIES PER CU. FT. IN AIR MASSES AVERAGED MONTHLY. GENERA 
GIVEN AS PERCENTAGES OF CU. FT. FIGURE. DATA FROM ROOF OF SUN LIFE 
BuILING, MONTREAL, FROM SEPTEMBER 22, 1950, TO DECEMBER 19, 1951 


Air mass* cP2 cPs cPa cPs mPi mP3 mP4 mT 


Days sampled 
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* cP, fresh continental polar air; cP2, continental polar air stagnant over Montreal; cP;, 
continental polar air modified by short exposure over agricultural land; cP 4, continental polar air 
modified by a longer exposure over agricultural land; cP;, continental polar air that moved from 
the west to the east over the United States; mP,, fresh maritime polar air from the Atlantic; mP2, 
maritime air from the Atlantic that moved in over the coast between the mouth of the St. Lawrence 
River and New Jersey; mP;, maritime polar air that came in south of New Jersey; mP.4, maritime 
polar air from the Pacific that moved over southern Canada; mT, maritime tropic air from the 
Gulf of Mexico. 


Fresh continental air (cP:) coming directly from the north was the 
commonest air mass both in winter and summer, and the average number of 
fungi for the 38 days was 6.8 per cu. ft. as expressed by colony counts in the 
samplers. Polar air (cP2), stagnant over Montreal, was found during the 
spring, summer, and fall, and had numbers which averaged 12.1 per cu. ft. 
Polar air which had traveled over agricultural lands (cP3) would be expected 
to have high numbers, yet the average was only 7.8 per cu. ft. This is 
probably due to the fact that this air occurred during the spring and fall, and 
only on four days during the summer. The average for these four days was 
27.9 per cu. ft. with one high reading 41.4 per cu. ft. on June 21. In the 
remaining air masses the number of sampling days was so few the results may 
not be significant. Polar air modified by long exposure over agricultural lands 
(cP4) occurred mostly in March, April, and November when numbers are 
normally low. There were two exposures in late summer, September 19 and 
21, and these had readings of 13.5 and 26.0 per cu. ft. It would be expected 
that air coming across continental United States (cP;) would have very high 
numbers in the summer, but the sampling days were all during January and 
February and numbers were correspondingly low. 

Polar air originating over the ocean (mP) would be unlikely to have high 
numbers unless it passed over agricultural lands. Fresh maritime air from 
the Atlantic (mP;) was found only once, on May 24-26, and numbers were 
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relatively low. Maritime polar air that had moved in over New England 
(mP:) occurred four times, once in February, and three times in April and 
June. Except during June numbers were very low. Maritime polar air 
sweeping up from the southeast over the eastern part of the United States 
(mP3) generally carried high loads and on June 20 the highest reading, 56.3 
per cu. ft., was obtained. This particular type of air mass occurred only in 
June and October, the former for a four-day period during which time the 
range was 10.3-56.3 per cu. ft. and the latter at four different times, the range 
being 4.8-14.9 per cu. ft. Polar air from the Pacific which had crossed the 
Great Plains (mP4) was encountered only once, in November, at which time 
numbers would be expected to be low and a reading of 1.1 per cu. ft. was 
obtained. 


Tropical air (mT) sweeping up from the Gulf of Mexico was present only 
on two occasions, July 26 and November 2. It would be expected that 
numbers of fungi in this air mass would be high throughout the year since 
the air would traverse land which is not frozen even during the winter. On 
July 26 there were 25.7 fungi per cu. ft. in the plates, which was almost double 
the monthly average (Table V). On November 2 the figure of 38.0 per 
cu. ft. was obtained which was the third highest daily reading, and it was 
also many times greater than the two November averages (4.0 and 5.4 
per cu. ft.). 

The 11 commonest fungi that were present in the plates have been arranged 
according to air masses and are presented in Table VI. It should be noted 
that Cladosporium was the chief constituent of all of the air masses and 
particularly so in the air that was longest over cultivated land (cP4, cPs) as 
might be expected. No explanation can be given for its surprising abundance 
in polar air, cP; and cP, (Table VI). Pemicillium was also present in all air 
masses, and appears to be especially common in maritime polar air. The 
number of samples in mP; and mP, was so low that these results may not be 
significant. Yeasts seemed to be slightly more numerous in polar air while 
Alternaria and Fusarium were more characteristic of tropical air. Non- 
sporulating colonies were most numerous in tropical and maritime polar air 
but were present in all air masses. The lack of sufficient samples in many of 
the air masses makes it very difficult to determine whether there is any 
correlation between these fungi and specific air masses. 


Fungi in Air Masses: Fungus Spores 


The data from the silicone slides that were exposed in the slit sampler have 
also been arranged according to air masses (Table VII). Fungus spores were 
present in the air throughout the year and were found in all air masses. The 
highest readings were 445, 364, 351, 328, and 320 spores per cu. ft. on 
September 6, July 23, August 16, July 25, and November 2 in cP, cP, cPi, 
cP, and mT air. When numbers were averaged for the respective air masses, 
highest numbers occurred in mT and cP, air. It was expected that cP; and 
mP, air would have the lowest numbers, and that cP;-cP; and mP.-mP, 
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TABLE VII 


FUNGUS SPORES IN AIR MASSES WITH TOTALS DETERMINED PER CU. FT. AND PRINCIPAL SPORE 
TYPES GIVEN AS PERCENTAGES OF THAT FIGURE 


Air mass* cPi cP: cPs cPs mPi mP: mP3 mP4 mT 
No. per cu. ft. 63.1 110.5 19.9 37.0 35.2 84.8 9.9 61.6 36.1 274.5 
No. slides a4 10 22 13 9 3 11 6 3 2 
Cladosporium 18.9 23.5 5.0 26.7 77.5 10.7 31.2 9.6 12.4 31.3 
Yeasts 39.1 29.9 15.8 20.1 §.1 47.5 Bok 34.3 24.5 14.7 
Smuts 11.4 16.3 60.9 11.2 $.7 ey | 9.7 32.9 16.5 7.8 
Fusarium 3.7 2.9 1.1 2.4 0.1 1.6 5.7 0.4 
Alternaria 0.4 0.2 0.5 1.4 1.2 0.2 0.7 1.2 i 2:7 
Venturia 0.5 0.9 0.5 9.4 0.7 0.3 1.4 
Stemphylium 0.2 0.1 0.4 0.4 0.9 
Rusts 0.1 0.2 0.3 0. i 0.4 
Septoria 0.3 0.5 0.1 0.1 
Helminthosporium 0.01 0.07 
Hyphae 0.7 4.7 3.4 0.1 29 0.6 3.8 | 2.5 2.6 


* cP,, fresh continental polar air; cP2, continental polar air stagnant over Montreal; cP3, 
continental polar air modified by short exposure over agricultural land; cP, continental polar air 
modified by a longer exposure over agricultural land; cP;, continental polar air that moved from 
the west to the east over the United States; mP,, fresh maritime polar air from the Atlantic; mP2, 
maritime air from the Atlantic that moved in over the coast between the mouth of the St. Lawrence 
River and New Jersey; mP,, maritime polar air that came in south of New Jersey; mP,, maritime 
polar air from the Pacific that moved over southern Canada; mT, maritime tropic air from the 
Gulf of Mexico. 


would have the highest amounts, but the results do not agree with this expecta- 
tion. Where air masses are present only on a few occasions, as mP;, mP4, 
and mT, the opportunities for sampling are limited. Moreover the season 
of the year would affect the spore concentration (Table IV). For example 
cP; air, although sampled on nine occasions, was present only during October, 
January, and February when numbers are normally low. It would be expected 
that this air, coming across the continent, would have high spore loads, but 
only one high reading (141 per cu. ft. on October 30) was obtained. 

Cladosporium, yeasts, and smuts were present in all air masses and comprised 
the major portion of the total. Cladosporium was most abundant in air which 
had been longest in contact with agricultural lands, cP; and mT, whereas 
yeasts were commonest in cP; air. The presence of smut chlamydospores in 
all air masses is not surprising in view of their year round distribution (Table 
IV). They were most numerous in cP; and mP; air. The remaining spore 
types were too infrequent to determine if they are characteristic of any of the 
air masses that were sampled. 


Discussion 


In earlier aerobiological studies of the fungi and bacteria in arctic air, using 
aircraft for sampling purposes, it was found that the number of samples in 
any given air mass was usually few and the results were generally difficult to 
interpret. As a result it was necessary to make continuous ground level 
samples which was first done in the summer of 1950 at Ft. Churchill, Manitoba 
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(14). These studies seemed to point to the fact that the fungi and bacteria 
obtained from the air had their origin in the great agricultural areas far to the 
south. Silicone slide studies revealed numbers of fungus spores in concentra- 
tions over 100 per cu. ft. to be present in arctic air. Concurrent plate studies 
showed that these spores were mostly nonviable (12), suggesting that there 
was a great loss in viability during their trajectory northward. There were 
indications that there might be a correlation between the number of fungi in 
the air and particular type of air masses. It was in an attempt to settle some 
of these questions that year round sampling was initiated in Montreal. 


The fungi obtained from the exposures made on the roof of the Sun Life 
Building are in general similar to those reported from the Arctic except that 
the numbers were higher. Cladosporium, Alternaria, yeasts, Pullularia, and 
Actinomycetes are among the commonest fungi in both instances. Penicillium, 
which was fourth in abundance at Ft. Churchill, was second at Montreal while 
Aspergillus, which was not present at Ft. Churchill, was fourth in this study. 
It is possible that these two genera, which are common contaminants, may 
have had a local origin, and this is probably true also of Rhizopus and Mucor. 
The majority of the fungi obtained from the air over Montreal were soil 
organisms, the exceptions being the spores of such plant parasites as smuts 
(Ustilago and Tilletia), rusts (Puccinia), Helminthosporium, and Septoria. The 
smuts and HHelminthosporium spores obtained in this investigation were 
considered to be cereal pathogens on oats, wheat, and barley and this might 
also apply to Puccinia and Septoria. The presence of these cereal pathogens 
is another indication that the air containing them had come from agricultural 
areas. In other words, the majority of fungi that were obtained from the air 
over Montreal had originated either from soil or from plants grown under 
cultivation. 

Basidiospores from mushrooms, puffballs, and other fleshy basidiomycetes 
might be expected to be present under certain conditions. Gregory (2) found 
large numbers of basidiospores in the air in England. The site of sampling 
in Montreal was in the center of the city and was several miles from the nearest 
woods, with the exception of Mount Royal Park, 1 mile away. Although 
basidiospores of mushrooms were not recognized on the slides, there were 
occasionally high numbers of allantoid single-celled hyaline spores and oval 
single-celled hyaline or light brown spores as mentioned earlier in the text. 
These were most abundant in fresh polar (cP;) air, during May and September. 
A similar collection of spores was made on August 23, 1951, in the air over 
Eastern Canada during part of a transatlantic trip (15). Gregory (2) and 
Hirst (3) reported the presence of large numbers of basidiospores in the air 
in late summer, and it is possible that some of these unidentified spores may be 
basidiospores. Their presence in cP; air which had swept down over the 
coniferous forests of Ontario and Quebec which are rich in basidiomycetes, 
particularly mushrooms, lends some support to this possibility. 


Cladosporium, the well known saprophyte and sooty mold, was the 
commonest and most ubiquitous fungus in the air. Hyde and Williams (4) 


| 
| 
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working through the year in Wales obtained similar results. Cladosporium 
has also been found in viable condition in the Arctic (12), over the Atlantic 
(13, 15), and the Pacific Ocean (10) and appears to be a very resistant 
cosmopolitan fungus. 


A peculiar feature of some colonies that developed from air-borne spores 
was the inability to produce conidia. Since most of the air-borne fungi are 
members of the Fungi Imperfecti and as the medium used was generally 
favorable for sporulation, it is difficult to explain the 57% sterile colonies that 
were obtained at Ft. Churchill! in the Arctic (12) and the 8.3% reported in this 
paper. In some cases there were what appeared to be typical Cladosporium 
colonies but examination proved them to be totally lacking in spores, whereas 
neighboring Cladosporium colonies fruited normally. It would be desirable to 
determine the factor or factors which are responsible for this suppression 
of sporulation. 


The most characteristic feature of aerobiological investigations in Canada 
has been the variability of the results. These may be due to the type of 
sampler, the medium, the hour, or even part of the hour, the day, the month, 
the temperature, the presence or absence of wind, and finally the type of air 
mass at the time the sample was taken. If possible the air should be sampled 
continuously through each hour of the day, throughout the year, at a location 
which is free from ground turbulence and would have free access to winds from 
any direction. In many ways the location of a continuous type sampler in a 
stationary location such as a balloon at various heights above the ground 
would be ideal. Although this would involve considerable time and expense 
the data would provide information on the effect of rain, snow, and other 
factors on spore load, and would eventually assist the meteorologist in the 
identification and history of air masses. The pathologist would be helped also 
in knowing of the occurrence of spore showers of pathogenic fungi, particularly 
of the rusts and smuts of cereals. 


It has been suggested (14) that there may be a correlation between air 
masses and numbers and types of spores. Because most of the fungi are 
soil organisms, the air masses in this study were classified according to their 
contact with agricultural lands (6). The data presented in this paper are 
not sufficient to determine whether or not such a correlation exists, as in 6 of 
the 10 air masses the number of days sampled was 10 or less. Numbers were 
often very high where low numbers were expected, and vice versa. Maritime 
tropical air carried very high numbers of fungus spores. If this air were 
carried northward over the central portion of North America and into the 
Arctic, it could conceivably still have fairly high numbers when it moved 
eastward or southeastward. By this time it would be called polar air and its 
history would be revealed only by its very high spore load, most of which 
would be nonviable. It is possible that some of the cP; and cP, air masses 
were actually modified tropical air of this type. Considerably more informa- 
tion is needed on air masses and their characteristic fungus flora and 
particularly on the interpretation of modified tropical air masses. It appears 
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likely that the chief difference between tropical and polar air is a quantitative 
rather than a qualitative one where fungus spores are concerned. The fungus 
spores obtained from tropical air in Montreal were similar to those obtained 
in tropical air in the Arctic except that numbers were higher. There are 
undoubtedly some endemic arctic fungi (8, 11, 12) but it is believed that they 
are so few in number that they constitute but a small fraction of the air-borne 
spore population. The spore load of polar air appears to be composed almost 
entirely of spores which had their origin in the tropics and Great Plains 
regions. If this is true, the chief difference between the fungus flora of tropical 
and polar air masses is one of degree rather than type. 
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NOTES ON THE GENUS EMPUSA COHN! 


By D. M. MacLeop? 


Abstract 
Empusa species were found on 44 different species of insects representing 20 
different families from the following orders: Lepidoptera, Hymenoptera, 


Diptera, Orthoptera, Coleoptera, Hemiptera, and Homoptera. The isolates 
without spores were identified as Empusa by the presence of characteristic 
coenocytic hyphae ca. 13u in diameter. Empusa sphaerosperma and forms of 
the “E. gryllt” type were the most predominant ones among the isolates with 
spores. Other speciesincluded: E. bullata, E. aphidis, E. erupta, and E. muscae. 
Two unusual forms, one from S. aldricht, and the other from M. americanum, 
M. disstria, and M. pluviale, are described. The effectiveness of Empusa species 
as insect control agents is briefly mentioned. 


Introduction 


The following account deals with preliminary observations on a number of 
Empusa species isolated from naturally infected insect material obtained 
either from collections sent directly to the Laboratory of Insect Pathology 
or from routine collections of the Forest Insect Survey of the Division of 
Forest Biology. 


The Genus Empusa 


No general monograph of the numerous Empusa species (including 134 
epithets), described and named in various parts of the world, has yet been 
prepared. According to Fitzpatrick (6) the genus Empusa was founded by 
Cohn (2) on E. muscae, parasitic in the housefly. The name Empusa, however, 
had already been applied to a genus of orchids and Fresenius (7), recognizing 
this fact, proposed Entomophthora to replace it. The two names have 
subsequently been used indiscriminately until separated as two distinct genera 
by Brefeld (1) and Nowakowski (11), who by so doing recognized the validity 
of the name Empusa. 

In Nowakowski’s arrangement, Entomophthora is largely characterized by 
branched conidiophores (Fig. 3) and Empusa by unbranched or simple 
conidiophores (Fig. 2). Thaxter (22), who prepared the first really critical 
account of the group, stated that these characters are inconstant and that 
borderline species make the maintenance of this separation impossible. He 
therefore united all the species under Empusa. Thaxter further pointed out 
that the orchidaceous genus Empusa is now placed as a synonym and hence 
seems unlikely to cause confusion. 

More recently, cytological investigations tend to show that the branching 
habit of the conidiophore (Entomophthora) is correlated with a uninucleate 
condition of the conidia, whereas in forms with simple conidiophores (Empusa), 
the conidia are multinucleate (12). These observations indicate (6) that the 


1 Manuscript received August 30, 1955. 


Contribution No. 244, Forest Biology Division, Science Service, Department of Agricul- 
ture, Ottawa, Canada. 


2 Laboratory of Insect Pathology, Sault Ste. Marie, Ontario. 
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earlier usage of Nowakowski, in applying the names Empusa and Entomoph- 
thora to species with unbranched and branched conidiophores, respectively, was 
probably in the main phylogenetically sound and in all probability later 
students will return to it. However, owing to the considerable variation 
found in the general appearance of conidiophores of individual species under 
varying environmental conditions, the writer prefers to follow Thaxter’s 
treatment of this group, by incorporating all the species under Empusa, until 
a clearer understanding of the nomenclature of this genus is available. 

Two other related genera are Tarichium named by Cohn (3) in 1875, and 
Lamia, erected by Nowakowski (11) in 1884. The identity of the former was 
based on the resting spore condition of an unknown species of Empusa; the 
latter is a group intermediate between Empusa and Entomophthora. Neither 
Tarichium nor Lamia has found general acceptance (6 and 22). 


In infected insects, Empusa isolates do not generally develop profusely 
branching mycelium; instead they form short thick segments, called hyphal 
bodies, that undergo a process of division and budding. These, in the final 
stages of infection, give rise to conidiophores that penetrate the outer covering 
of the host and form conidia in the air (Figs. 4, 5, 6, and 7). 


Besides the type of ‘‘air spore’’ or conidium just described, some species 
under certain conditions may produce another type, generally formed 
internally and known as resting spores, with walls approximately three 
microns thick. These spores may be either sexual (zygospores) or asexual 
(azygospores). The zygospores result from a true sexual conjugation between 
a pair of hyphal bodies or hyphal cells with the young spore budding out from 
the point of union. At maturity the spores are usually large and spherical, 
and generally smooth-walled (Fig. 8); although a few are characteristically 
rough-walled (Fig. 14). In azygospore formation, a bud is put out from a 
hyphal body or cell and enlarges to form a spore similar to the zygospore. A 
modification of this process sometimes occurs in the chlamydospores* (with 
walls approximately 0.5 thick (Fig. 9) which may be transformed directly 
into azygospores by the deposition of a third inner wall. 


Very little is known concerning the formation and germination of resting 
spores. Schweizer (20) reported in 1945 that in E. muscae they form after 
the substratum has been used up, or earlier if unfavorable growth conditions 
develop. In general they are believed to afford the fungus a means of 
hibernation or a way of withstanding adverse conditions. A single season is 
thought to be the normal period of this resting state, although it has been 
suggested that it may extend over more than one season. 


Conidia are germinable for several days after discharge, resting spores are 
not. The latter are believed (20) to require a special biocatalytic stimulus, 
which may be simulated in the laboratory by means of pure cultures of 
chitin-splitting bacteria. 

* Under unfavorable environmental conditions hyphal bodies may develop heavier walls and 


enter a period of rest as chlamydospores, which, on the return of favorable conditions, germinate 
readily and eventually form conidiophores. 
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Members of Empusa are all entomogenous and were long thought to be 
obligate in their parasitism. Some degree of success (20, 21, and 24), however, 
has attended attempts to culture these forms and it now seems probable that 
many of them will be found to develop saprophytically on favorable media. 
A number of Empusa forms isolated in this study were successfully established 
on Sabouraud maltose agar when infected larvae (freshly dead or with hyphal 
bodies still viable internally and free from contamination) surface-sterilized 
in a 2-5% ‘‘Javex’’ (sodium hypochlorite) solution were transferred to sterile 
medium. Under these conditions the fungus soon appeared on the surface 
of the insect, and later spread to the medium, where it developed a colony 


with a very irregular and convoluted surface (Fig. 16). 


TABLE I 


INSECT SPECIES WITH WHICH Empusa SPECIES ARE ASSOCIATED IN CANADA 


(SEE TEXT-FIG. 1, FOR DISTRIBUTION) 


No. Host Family Order Empusa species 

1 Anisota rubicunda Fabr. Citheroniidae Lepidop. Empusa erylli type 

2 “ virginiensis Dru. “species 

3. Anthelia hyperborea Hist. Geometridae 

4 Archips cerasivorana Fitch Tortricidae  grylli type 

5  Arge pectoralis (Leach) Argidae Hymenop. “species 

6 Calliphora sp. Metopiidae Diptera  bullata 

7 Camnula pellucida* Scudd. Acrididae Orthop. = erylli 

8 Caripeta divisata Wik. Geometridae Lepidop. ie species 

9 Choristoneura fumiferana Clem. Tortricidae  grylli type and sphaerosperma 
10 Dioryctria reniculella Grt. Pyralidae species 

11. carolina (Linn.) Locustidae Orthop.  grylli 

12 Ectropis crepuscularia Schiff. Geometridae Lepidop.  grylli type 

13. Estigmene acrea Dru. Arctiidae 

14 Haploa lecontei Guer. “species 

15 Hesperumia sulphuraria Pack. Geometridae 

16 Hypera punctata F. Curculionidae Coleop. 

17. Lambdina fiscellaria fiscellaria Gn. Geometridae Lepidop. “  grylli type and sphaerosperma 
18 lugubrosa Hist. “species 

19 Lygus communis var. novascoliensis 

Knight Miridae Hemip. + erupta 

20 Macrosiphum albifronst Esseq. Aphiidae Homop.  aphidis 

23 Malacosoma americanum F Lasiocampidae _—_Lepidop. megas perma 
24 disstria grylli and megasperma 
25 pluviale Dyar megas perma 
26 Melanolophia imitata Wik. Geometridae “  grylli type 

27 Melanoplus bivittatus* Say Locustidae Orthop.  grylli 

28 Monoctenus juniperinus MacG. Diprionidae Hymenop. “type 

29 Musca domestica Linn. Muscidae Diptera muscae 

30 Nematocampa filamentaria Gn. Geometridae Lepidop.  grylli type 

31 Neodiprion abietis (Harr.) Diprionidae Hymenop. “species 

33 tsugae Midd.  sphaerosperma 
34 Nepytia canosaria Geometridae Lepidop.  grylli type 

35 Orgyia sp.t Arctiidae Lepidop. grylli 

36 = Pristiphora erichsonti§ (Htg.) Tenthredinidae Hymenop. “type 

Psyllia mali Schmidb. Chermidae Homop.  sphaerosperma 
38 Sarcophaga aldrichi Park. Metopiidae Diptera “species 

39 Sciaphila duplex Wishm. Olethreutidae Lepidop.  grylli type 

40 Semiothisa granitata Gn. Geometridae 

41 Stenoporpia albescens Hlst. = 

42 Typhlocyba pomaria Mca. Cicadellidae Homop. “species 

43 Unidentified sp. Arctiidae Lepidop. “  grylli type 

44 “ “ Phalaenidae “ “ “ “ 


* Infected material received from Dr. G. E. Bucher, Belleville, Ontario. 
+ Material received from Conn. Agr. Expt. Station, New Haven, Connecticut, U.S.A. 
t Collected in Newfoundland (22, p. 161). 
§ Material also received from Forest Insect Laboratory, Milwaukee, Wisconsin, U.S.A. 
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Identity of Empusa Species Isolated from Insects in Canada 


In all named species known to form resting spores, the mature zygospores as 
well as the azygospores are spherical in shape, except in E. fresenii, and 
E. coleopterorum. The spores in the former are elliptical or ovoid, and in the 
latter globose, or broadly oval, or sometimes pyriform. In an estimated 
three-fourths of these species the resting spores are smooth-walled (Fig. 8) 
and indistinguishable in the different species except for slight variations in 
size, while in the remaining one-fourth the resting spores are rough-walled 
(Table III, Figs. 10, 11, and 14). On this basis the forms studied in the 
present survey are divided into two groups: A, forms with smooth-walled 
resting spores and B, forms with rough-walled resting spores. Several 
isolates included under “‘A’’ did not develop resting spores but are included 
here, because they appear to be closely allied to E. gryili. 

Empusa species were found on 44 different species of insects (Table I) 
representing 20 different familes from the following orders: Lepidoptera, 
Hymenoptera, Diptera, Orthoptera, Coleoptera, Hemiptera, and Homoptera. 
Although the forms in 12 insect species had not sporulated they, nevertheless, 
could be readily recognized as an Empusa by the presence of coenocytic 
hyphae ca.13u in diameter (Fig. 1) and hyphal bodies of various sizes 
and shapes. 


A. Forms with Smooth-walled Resting Spores 
The isolates from the 20 different insect species listed in Table II contained 
spores characteristic of E. grylli Fres. Those from insect species 1 to 7 also 
TABLE II 


VARIATION IN SIZE AMONG SPORES OF THE “‘E. grylli’’ TYPE 


Dimensions 


Source of Empusa 


No. isolates Empusa sp. Range Average 
1 P. erichsonii E. thaxteriana* 28.5 48.54 X 23.0 37.5y 34.0 X 29.04 
2 C. fumiferana 23.0 42.04 X 17.5 32.0 XK 22.54 
3 M. juniperinus 25.5 — X 24.0 — 27.54 33.5 XK 26.04 
4 A. cerasivorana 22.0 — 32.0% X 18.5 — 28.0 XK 22.04 
5 M. disstria 26.5 35.04 X 18.5 — 27.5y 30.0 XK 23.04 
6 S. albescens 25.5 32.04 X 18.5 — 28.5 X 23.04 
7 N. filamentaria 21.0 36.54 X 13.0 29.5y 31.5 XK 24.04 
8 C. pellucida E. gryllit 
9 D. carolina 27.5 40.04 X 21.0 33.5 
10 M. bivittatus sess 
il L. f. fiscellaria = 27.5 — 32.0% X 17.5 — 21.04 29.0 XK 19.04 
12 M. imitata “4 27.5 33.0u X 17.5 22.0u 28.5 X 21.5u 
13 S. duplex 23.0 — 39.54 X 18.5 33.04 33.5 X 26.04 
14 Arctitdae 28.5 — 39.5% X 25.5 — 34.0 X 26.04 
15 Phalaenidae 36.5 43.04 X 27.5 — 33.04 40.0 X 30.04 
16 S. granitata 26.0 — 28.54 X 19.0 21.04 27.0 X 20.04 
17 E. acrea 27.5 — 39.54 X 20.0 32.04 32.0 XK 24.04 
18 E. crepuscularia 24.0 — 32.04 X 15.5 21.04 28.0 X 18.5y 
19 A. rubicunda E. tenthredinist 25.5 — X 18.5 — 31.5 XK 22.0u 
20 N. canosaria 27.5 39.54 X 20.0 — 27.5yu 33.0 XK 


* E. thaxteriana. Conidia nearly spherical or broadly ovoid, with a papillate base which is 
furnished with a sharp point, 30-404 28-33 (22, p. 165). 

E. grylli. Conidia ovoid to pear-shaped, with a broad ea éllate base and evenly rounded 
apex, hyaline and containing one or more rge fat globules, 30-40% X 25-36; resting spores 
spherical, colorless, 30-45 4 in diameter (22, p. 159). 

t E. tenthredinis. Conidia broadly ovoid, tapering slightly towards the apex and with a 
prominent, rather narrow papillate 35- X 25-35 (22, p. 162). 
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contained spores that resembled E. thaxteriana (Thaxter) Petch (15 and 22). 
Some of its spores are nearly spherical (Fig. 4), others are not separable from 
those of E. grylli. Isolates from insect species 8 to 18 are mainly characteristic 
of E. grylli (Fig. 5) but those from 19 and 20 contained spores resembling 
E. tenthredinis Fres. (Fig. 6). This species, closely resembling E. grylli, is 
separated from it by a slight tendency of the spores to taper more equally 
from the middle towards the base and apex. 


All of the spores from the above isolates contained a single centrally-located 
oil globule that ranged in diameter from 8 to 14u. The variation in color was 
slight and in general ranged from pale cream to chestnut brown; in one species, 
that from M. imitata, a slight tinge of green was noted; this, however, was 
not regarded as a distinguishing characteristic. 


Resting spores (zygospores or azygospores) were not developed by any of 
the grylli forms listed in Table II, with the exception of the isolate from 
D. carolina. These spores are azygospores, spherical, smooth-walled, and vary 
in diameter from 29.5 to 32.0u, averaging 31.5 (Fig. 8). Some chlamydo- 
spores were observed in S. albescens and ranged in diameter from 14.5 to 
24.0u, averaging 18.0 (Fig. 9). 


It was not surprising to find species of the grylli type on so many of the 
insects examined as it is one of the more widely distributed of the Empusa 
species and is generally abundant. 

E. (= Entomophthora) sphaerosperma Fres., isolated from P. mali (4), 
C. fumiferana, N. tsugae, and L. f. fiscellaria, is another form known for its 
great diversity in host species. The four infected insect species contained 
both primary and resting spores. In each case the spores were fairly uniform 
in both size and shape. The conidia are long-elliptical to nearly cylindrical 
(Fig. 7), papillate at the base, and taper very slightly near the rounded apex, 
usually with a fine granular content. They range in size from 11.0 to 20.0u 


by 4.5 to 9.0u, averaging 18.0 X 6.0u. The resting spores, spherical and ~ 


smooth-walled, resemble those of E. grylli and range from 18.5 to 31.0n, 
averaging 25.54. Chlamydospores were also present in C. fumiferana and 
N. tsugae; they vary from 16.5 to 24.0u in diameter, averaging 20.54. This 
species is also known to attack H. punctata (13), and T. pomaria (23). 

Empusa erupta Dustan is parasitic on L. communis var. novascotiensis. 
Its conidia are more or less bell-shaped, and in this respect it resembles 
E. muscae Cohn (5). 


Empusa muscae Cohn is parasitic on M. domestica. Its spores are 
characteristically bell-shaped (22). 

Empusa aphidis Hoffman is one of the more common Empusa species 
parasitic on aphids. In this survey it was isolated from M. albifrons, M. pisi, 
and M. solanifolit. Its conidia are ovoid to elliptical (22). 


While smooth-walled resting spores are associated with the Empusa species 


erupta, muscae, and aphidis, spores were not observed in any of the specimens 
infected with these species in the present survey. 
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TABLE III 


Empusa SPECIES WITH ROUGH-WALLED RESTING SPORES 


Species Primary spores Resting spores 
E. reticulata Conidia not observed. Zygospores, faint red in mass, spherical, 
Host, Diptera 44-84 epispore reticulated 
E. coleopterorum* Conidia not observed. Resting spores dark brown, thick-walled 
Host, Coleoptera (up to 6m), densely verrucose, globose, 


35-504 or broadly oval, 48-52 X 44- 
or sometimes pyriform, 56 X 44y 


E. megaspermat Conidia not observed. Azygospores, spherical, dark brown, 34- 
Host, Lepidoptera (Agrotis segetum) 55m, average 50u, epispore with sinuous 
furrows 
E. calliphorae Conidia not observed. Resting spores, deep chestnut brown, 
Host, Diptera (Calliphora sp.) spherical, 304 
E. muscivora Conidia ovoid, blunt papilla, 20-24 X 11- Resting spores, deep chestnut brown, 
134. Host, Diptera (Calliphora sp.) spherical, 24-284, Syn. with E. calli- 
phorae (22) 
E, bullata No formal description of conidia, but stated Zygospores, subglobose, 30-50yu, epispore 
» be indistinguishable from those of bullate 


E. americanat Thaxter, (18). Host, 
Diptera (Calliphora sp.) 


E, echinospora Conidia ovoid, tapering to a papillate base, Zygospores, spherical, 30-40u, epispore 
usually nearly symmetrical, containing spinose 
one or more large oil globules, 20-25 X 
10-144. Host, Diptera 


E. atrosperma§$ Conidia not observed. Host, Homoptera Resting spores blackish-brown, globose, 
38-45, epispore with spines in 
length) 

E. coronata’ Conidia globose, prominent papilla at the Resting spores, globose with covering of 

base, 30u. Host, Homoptera —— hair-like appendages on the entire 
surface 


* In 1944 Petch (17) identified an isolate from Sitones flavescens as the conidial stage of 
E. coleopterorum. In this instance only conidia (narrow oval, 32-44 X 8-14) were present. 
The synonymy of these two forms is based upon their ‘‘hold fast” the distinctive features of which 
have been used as criteria upon which to establish a number of species within this genus. 

+ The conidial stage of this species is believed by Thaxter (22, p. 178) to be E. (= Entomoph- 
thora) virescens Thaxter. ‘‘Conidia ovoid to oblong, of irregular shape, with bluntly rounded 
base and apex, the former often hardly papillate and not well distinguished from the apex, color 
greenish-yellow in dried material, containing numerous small, irregular often rod-like fat bodies, 
16-36 X 10-204, average 30 X 14u. Host, Lepidoptera (Agrotis fennica)”’. 

tAlthough E. americana has smooth- walled resting spores, its primary spores resemble those 
of E. muscivora except for a slight variation in size. In the former the spores are slightly larger. 

§ Petch (14) also included Entomophthora (= Tarichium) lauxaniae Bubék in his list of 
entomogenous fungi of Great Britain, but without description. This fungus may also have 
rough-walled resting spores, since tt was originally described as a Tarichtum species. 

" According to Harris (9) conidia in older cultures are transformed into appendaged resting 


Spores. 


B. Forms with Rough-walled Resting Spores 


At least 10 Empusa species (Table III) have been recorded in the literature 
as having rough-walled resting spores. A number of these are incompletely 
described, and therefore cannot at present be recognized with certainty. On 
the basis of current information, however, they appear to fall into three 
groups as follows: 


1. Resting spore outer wall reticulate, verrucose, or with sinuous furrows. 
E. (= Tarichium) reticuwia Petch (16), E. (= Entomophthora) coleop- 
terorum Petch (14), and E. (= Tarichium) megasperma Cohn (3). 
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2. Resting spore outer wall with knob-like projections. EF. (= Entomo- 
phthora) calliphorae Giard (8), E. (= Entomophthora) muscivora Schroeter 
(19), and E. (= Entomophthora) bullata Thaxter (18). 

3. Resting spore outer wall with spines or hair-like appendages. E. (=Ento- 
mophthora) echinospora Thaxter (22), E. (= Entomophthora) atrosperma 
Petch (14), and E. (= Entomophthora) coronata (Cost.) Kevorkian 
(9 and 10). 

In the present survey, rough-walled resting spores were found among three 
out of the 44 isolates examined, the first from adults of a Calliphora species, the 
second from adults of S. aldrichi, and the third from larvae of M. disstria, 
M. americanum, and M. pluviale. 

The isolate from the Calliphora adults is characteristic of group 2, and 
appears to be identical with E. bullata. The resting spores are spherical, 
with knob-like projections, and vary in diameter from 42 to 60.5, averaging 
52.5u. The conidia are long-ovoid, with dimensions ranging from 17.5 to 
27.5u X 9.0 to 18.5, averaging 22.5 12.0, and have a broad, evenly- 
rounded apex. 

The isolate from S. aldrichi also forms resting spores that resemble those of 
E. bullata. They vary in diameter from 39.5 to 60.5, averaging 46.5u 
(Fig. 14); the epispore is thin and hyaline, and in mass displays a faint 
reddish-brown tinge. The conidia, however, are quite different. They are 
broadly ovoid to pear-shaped with a very rounded apex and a broad papillate 
base (Fig. 15), with dimensions ranging from 29.0 to 35.0u X 22.0 to 27.5y, 
averaging 32.5 X 25.0u. The contents are evenly granular, without any 
large central globule, thus differing from E. grylli. This fungus may therefore 
be a new species, or a species already named but incompletely described. 

One of the two isolates found on M. disstria (Table I) produced smooth- 
walled resting spores similar to those of E. gry/li, while the other formed rough- 
walled spores. The latter was obtained also from larvae of M. americanum 
and M. pluviale. The resting spores resemble those of E. (= Tarichium) 
megasperma, described by Cohn (3) in 1875 from larvae of Agrotis segetum, and 
not reported since. There is no description of the conidia of E. megasperma, 
but in 1888 Thaxter (22) described the species E. virescens from heavily 
infected larvae of Agrotis fennica submitted by Mr. J. Fletcher of Ottawa, 
Canada. Only primary spores were found, but Thaxter suggested on the 
basis of the closely related hosts that E. virescens and E. megasperma might 


Fic. 1. Coenocytic hyphae characteristic of Empusa infected insects. 550X. 

Fic. 2. Unbranched, or simple conidiophores (Empusa species). 550. 

Fic. 3. Branched, or digitate conidiophores (Entomophthora species). Note that a 
cross-wall cuts off each branch from the main axis of the conidiophore. 550. 

Fic. 4. Conidia, nearly spherical (E. thaxteriana). 550. 

Fic. 5. Conidia, pear-shaped (E. grylli). 550. 

Fic. 6. Conidia, broadly ovoid, tapering slightly from middle toward base and apex 
(E. tenthredinis). 

Fic. 7. Conidia cylindrical (E. sphaerosperma). 550. 

Fic. 8. Smooth-walled resting spores (E. grylli). 550. 

Fic. 9. Chlamydospore (E. species). 550. 
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Fic. 10. Resting spores from external surface of M. disstria infected with 
E. megasperma, note rough surface. 550. 

Fic. 11. Resting spores found in M. disstria infected with E. megasperma, note sinuous 
outline. 

Fic. 12. Zygospore from E. megasperma on M. disstria, note that resting spore is 
formed in an outgrowth at the point of conjugation between two hyphal cells. 550. 

Fic. 13. Conidia, ovoid to oblong from M. disstria infected with E. megasperma. 550. 

Fic. 14. Resting spores with knob-like projections from S. aldrichi infected with an 
Empusa species. 550X. 

Fic. 15. Conidia resembling E. grylli from S. aldrichi infected with an Empusa 
species. 550 X. 
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be synonymous, a point that can be determined with certainty, however, only 
when the resting spores of the former and the conidia of the latter become 
known. 

With infected Malacosoma species, some resting spores develop among the 
mycelium on the external surface, but for the most part occur internally. The 
epispore of those occurring externally is verrucose, the projections, though 
they resemble those of E. bullata, are much less pronounced (Fig. 10). Among 
the internal spores the outer wall is wavy or sinuous in outline (Fig. 11), and 
not unlike the sinuous furrows described by Cohn for E. megasperma. This 
wavy outline is caused by the remnants of the disintegrated verrucose wall or 
epispore in which the spores were enclosed during development, and from 
which they can be liberated in most Empusa species through pressure. They 
also resemble E. megasperma in that they are spherical and brownish in color, 
but differ in that they are not azygo- but zygospores formed as a result of 
conjugation between hyphal bodies (Fig. 12) and being somewhat smaller in 
size, ranging in diameter from 24.0 to 31.0u, averaging 27.5 (Table III). 
In general the conidia resemble E. virescens (Table I11), but differ in that they 
are hyaline, and smaller in size with dimensions ranging from 16.5 to 23.0u 
X 6.5 to averaging 18.5 (Fig. 13). 

The hosts of the above Empusa species belong to the order Lepidoptera, 
Agrotis species from the family Phalaenidae, and Malacosoma species from the 
family Lasiocampidae. Infected Agrotis species eventually become black and 
shrivelled, the fungus appearing as a greenish-yellow coating, while infected 
Malacosoma larvae turn brown to black, the fungus appearing as a fawn to 
dark brown coating. Infected larvae of the three Malacosoma species contained 
quantities of yellow crystals, variable in size and shape and of unknown 
composition. 

It has been reported that in E. echinospora and E. reticulata, the outer wall 
surrounding the mature spore may be readily removed by pressure of a cover 
glass upon it, disclosing within a spore of the usual type, i.e. a smooth-walled 
resting spore identical with those of E. gry/li. This was also found to be true 
for the Empusa species on the Calliphora species, but did not occur among the 
spores from S. aldrichi, or the Malacosoma species. 


Effectiveness of Empusa Species as Insect Control Agents 


The literature records that under favorable conditions, epizootics caused by 
Empusa species have reduced large and destructive outbreaks of insect pests 
in various countries throughout the world. In Canada Empusa species are 
indigenous and occur on a wide range of insect species from a number of orders, 


Fic. 16. An Empusa species of the ‘‘grylli type’’ growing on Sabouraud maltose agar. 
The head (black spot) of a naturally infected C. fumiferana larva that had been used as a 
source of inoculum can be seen in the center of the colony. Note that fungus seems to 
grow in deep folds or convolutions which give the surface of the colony an unusual 
appearance. 2X. 

Fic. 17. Naturally infected larvae of M. disstria destroyed by E. megasperma. 0.7X. 
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of which members of the Lepidoptera seem to be most susceptible. Insects 
attacked by this fungus have been found in various localities (Text-fig. 1) in 
each of the provinces where insect collections have been made. 

Of the two types (E. grylli and E. sphaerosperma) reported on C. fumiferana, 
the former is more prevalent and has been isolated from larvae collected in 
British Columbia, Ontario, and New Brunswick; the latter was restricted to 
larvae from British Columbia, and just inside the Alberta border on the Banff- 
Windermere Highway. These forms also occur on L. f. fiscellaria from British 
Columbia, but in this case E. sphaerosperma is the more important form. 

Empusa thaxteriana, occasionally found on M. disstria larvae, is not as 
important in the control of this insect as is the Empusa species described in 
this paper. The latter caused high larval mortality at widely separated points 
in Ontario, from 1949 to 1952. In one specific area dead larvae (Fig. 17) were 
massed on the north side of the trunks of a series of trees examined in a mature 
hard maple woodlot that had been thinned by selective cutting.* Approxi- 
mately 150 dead larvae were counted on one square foot of bark surface near 
the base of one of the trees in this area. 

Dr. G. E. Bucher (personal communication) reported 94% mortality among 
laboratory reared samples of C. pellucida, collected from a population (20 per 
sq. yd.) infected with E. grylli at Darfield, British Columbia. Although the 
center of infection was found in a pasture of several acres, the disease was 
common in this area along the bottom flats for several miles. 

Unfortunately Empusa species, while they are frequently an important 
agent in the control of harmful insects, occasionally attack beneficial ones as 
well. The effectiveness, for example, of S. aldrichi, one of the most important 
pupal parasites of M. disstria is lessened by an Empusa species that attacks 
it in the adult stage. 
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THE SEED PRODUCTION CAPACITY AND EFFICIENCY OF 
RED PINE CONES (PINUS RESINOSA AIT.)! 


By L. A. Lyons? 


Abstract 


The seed capacity of red pine cones varies from about 30 to over 110, depend- 
ing on the size of the cone and its position in the tree crown, and is determined 
by the number of ovules that are structurally complete at the time of pollination. 
These ovules occur in a central ‘‘productive’’ region and constitute less than 
one-half of the total. The remaining ovules, most of which are in the proximal 
part of the cone, never become structurally perfect, and do not contribute to 
seed production. Abortion of ovules in the productive region usually reduces 
seed production efficiency to 50-60%, and is accompanied mainly by withering of 
the nucellus in the first year and failure to produce archegonia early in the 
second year. The extent of ovule abortion during the first year varies indirectly 
with cone size, seed capacity, and height in tree. 


Introduction 


In recent years the difficulty of obtaining enough red pine seed for 
reforestation in Ontario has stimulated research into the biology of seed 
production. One phase of this research is concerned with the role of factors 
that restrict the production of seeds by formed cones. The most conspicuous 
and most important of these factors is insects, which often reduce potentially 
large seed crops by destroying the cones. During an investigation of the 
effect of cone—insect damage, the results of which are to be published elsewhere, 
it became obvious that insects did not fully account for the reduction in seed 
crops, and that it would consequently be necessary to study the seed 
production habits of normal cones. 

Even casual examination of red pine cones reveals that only a restricted 
region of the cone produces seeds and that many ovules that apparently 
should have developed into seeds are shrunken remnants or empty seed cases. 
Some cones produce many filled seeds, whereas others produce none; seed 
yield is largely controlled by factors that act during the cone’s early life. 
The present paper describes the general development of ovules before cone 
maturity, and attempts to assess the ability of different ovules to become seeds. 
The terms ‘“‘seed production capacity” and ‘seed production efficiency”’ 
should perhaps be defined at the outset, in order to avoid misunderstanding. 
“Capacity” refers to the number of ovules that are capable of becoming seeds 
by virtue of being normally developed at the time of pollination, whereas 
“efficiency” refers to the proportion of these ovules that actually become 
seeds. Whereas seed capacity is a fixed characteristic of the cone at the 
time of pollination, efficiency is variable and expresses the success of the cone 
in producing seeds. Were red pine cones to produce seed at full efficiency, the 
amount obtained by seed extraction would be increased by about 50%. 

1 Manuscript received August 8, 1955. 
Contribution No. 236, Forest Biology Division, Science Service, Department of Agriculture, 


Ottawa, Canada. 
2 Forest Insect Laboratory, Sault Ste. Marie, Ontario, Canada. 
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Methods 


The cones used in this investigation were collected mostly from open-grown 
red pines not more than 40 ft. in height, and were dissected by removing the 
scales one at a time beginning at the proximal end. As each scale was 
removed, each of its two ovules was classified and recorded as belonging to 
one of the four types described in the next section. Mature cones, which are 
woody and difficult to dissect when dry, were softened in hot water. 

For microscopic examination of ovules at various stages of development, 
ovule-bearing scales were removed from the cone and immersed in 70% ethyl 
alcohol. The hardened outer ends of the scales were removed, as advocated 
by Johansen (9). The material was then passed through an ethyl alcohol 
series, cleared in normal butyl alcohol, and embedded in ‘‘Tissuemat”’. Blocks 
were sectioned along the long axis of the scale at 104. Most sections were 
stained in safranin-0 for 24 hr. and counterstained for one minute in a solution 
of aniline blue in 95% alcohol. This combination gave contrasting brilliant 
red nuclei and bright blue cell walls. Pollen grains and pollen tubes either 
remained completely colorless or stained pale blue. 


Cone Development and Ovule Classification 


In red pine, as in other conifers, the ovulate cone is composed of an axis, 
upon which paired bracts and ovule-bearing scales (megasporophylls) are 
arranged in whorls. The red pine cone first becomes externally visible 
(Fig. 1) in late May or early June at the distal end of a growing shoot, but is 
first differentiated as a primordium during the previous growing season. 
Pollination occurs in late May or early June while the ovule-bearing scales 
are still separated from one another. At this time the flat, red, leaf-like 
bracts, from the axils of which the scales arise, are close to their maximum 
size and project beyond the scale tips. Scales in the proximal half of the 
young cone differ from those in the distal half. The proximal scales are small, 
pale, and appressed, and are sharply distinct from the larger, red, erect distal 
scales (Fig. 1). 

The cone begins to enlarge after the time of pollination, and the scales 
become tightly closed together. The bracts soon become hidden from view 
and the distinction between proximal and distal scales becomes obscured. 
The first-year cone lengthens from about 4 mm. at pollination to 10-12 mm. 
by late July (Fig. 2), when it ceases growth for the season. The cone attains 
its final length (40-50 mm.) by mid-July of the second year (Fig. 3), and then 
dries and turns chestnut-brown before seed release. Fertilization is deferred 
until the completion of cone growth and the hardening of fully developed seed 
coats in the second year. Most cones do not open until some time in 
September, but those in very exposed positions may release their seeds as 
early as mid-August. 

Each scale characteristically bears two ovules on its upper surface, but at 
each end of the cone are a few barren scales that are classified as ovule type 
‘nil’. In section, no ovular structure, even of the most elementary nature, 
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Fic. 1. First-year red pine cone, with petiole, at the time of pollination (late May to 
& early June). Cone length about 4 mm. The scales in the distal part of the cone are 
' open to receive pollen. Note the flat leaf-like bract beneath each scale. 


Fic. 2. First-year red pine cones in July. Pollination has been completed, the scales 
4 have closed tightly together, and the cones have lengthened to about 10 mm. 


Fic. 3. Second-year red pine cones in July, about the time of fertilization. 


The cones 
have now almost reached their final length of 40-50 mm. 
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is apparent. Proximal scales bearing “‘nil’’ ovules remain very small (Fig. 4) 
and, like distal “‘nil’’ scales, fail to produce seed wings. There are seldom 
more than 10 proximal and two distal “‘nil’’ scales per cone. 

The remaining scales all bear cellular structures that must be considered as 
ovules. However, at each end of this region are ovules that never develop 
past a rudimentary stage. Most of these ‘‘undeveloped” ovules are located in 
the proximal part of the cone, on scales that are small, pale, and appressed 
at the time of pollination (Fig. 1), while the remainder occupy a small space 
in the distal end of the cone. Proximal ‘“‘undeveloped’’ ovules increase in 
size from the cone base distally, but are never as well-defined or convex as 
ovules in the seed-producing region, and can usually be identified with 
confidence. In section, the ‘“‘undeveloped”’ ovule is usually an undifferentiated 
group of cells on the scale surface. The ovule may partially break down, 
leaving a cavity at the proximal end. Scales with ‘‘undeveloped”’ ovules 
produce seed wings (Fig. 4). ‘‘Nil’’ and “‘undeveloped’’ ovules together form 
the small distal and the large proximal unproductive regions of the cone. 

The productive region lies between the two unproductive regions, and 
contains the scales that are large, red, and erect at pollination (Fig. 1). Ovules 
on these scales are firm, convex, and pale in the young cone; some continue 
to develop normally (‘‘developing’”’ ovules), whereas others wither before 
maturity (“aborted”’ ovules, Fig. 4). The most prevalent type of abortion 
is that occurring during the first summer. The ovule first becomes depressed 
at the center, and then softens, with discoloration appearing at the depression 
(Fig. 4). Later, flattening becomes complete; the ovule becomes dark and 
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Fic. 4. Comparative size of scales bearing four types of ovules, from red pine cones 
at four stages of development. (2.5) 
N = “Nil” ovules. A = “Aborted"’ ovules. 
U = “Undeveloped” ovules. D = ‘Developing”’ ovules. 
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often gummy, but the original outline remains at least slightly apparent. 
First-year ovules, sectioned shortly after their abortion becomes obvious, 
contain nucelli with the free parts shrivelled. These ovules are distributed 
throughout the productive region, but are most common at its proximal end. 

During the second year, ovules that abort before reaching full size acquire 
hardened seed coats, but remain smaller and darker than ‘‘developing”’ ovules. 
In sections of an ovule aborting in mid-June, the pollen tube has penetrated 
less than halfway toward the megagametophyte, which is without archegonia. 
The “developing” ovule at this time has two large archegonia, and the pollen 
tube has reached the megagametophyte. Ovules that abort after becoming 
fully grown often cannot be distinguished by their external appearance from 
“developing’’ ovules, but are nevertheless empty, except for shrunken rem- 
nants. Similar ‘‘hollow’’ seeds have been reported in many coniferous species 
(6, 13, 14, 15). 

The red pine cone thus contains one region that produces seed, and two 
regions that do not. The type and approximate proportion of ovules in each 
region are listed below. 


Distal unproductive region “Nil” ovules 1% 
““Undeveloped”’ ovules 3% 

Productive region “Developing”’ ovules 0-35%) 
(seeds) + 45% 

“Aborted” ovules 10-45% 
Proximal unproductive region “Undeveloped” ovules 45% 
“Nil” ovules 6% 


The seed capacity of the cone is limited to the productive region, which 
contains only 45% of the ovules. These are the only ovules that ever possess 
an integument-covered nucellus and, hence, are the only ones capable of 
receiving pollen. The other 55% of the ovules remain rudimentary and can 
in no way contribute to seed production. 


In reviewing the literature on ovule abortion in conifers, it is necessary to 
distinguish between hollow seeds, which are commonly recorded in many 
species, and ovules aborting during the first year, such as described above 
for red pine. Cones of Pseudotsuga, Abies, and Larix require only one year 
(i.e. one summer) to mature, and their hollow seeds may not be strictly 
comparable to those of Pinus, cones of which require two years. According 
to Allen (2), unpollinated cones of Pseudotsuga menziesii (Mirb.) Franco grow 
to maturity but contain mostly hollow seeds, the exceptions being the few 
seeds that develop parthenogenetically. Reid (14) found that about 85% 
of the seeds from normal P. menziesii cones in Alberta were nonviable, 
apparently owing to the lack of fertilization. These seeds contained 
undeveloped endosperms and dried embryos. In a study of cones from one 
P. menziesii tree, Orr-Ewing (11) found that following self-pollination, ovules 
aborted shortly after syngamy. ‘‘Empty”’ seeds of Abies alba Mill. are 
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normal in size, but embryo and endosperm fail to develop and are replaced 
by tissue derived mostly from the nucellus (13). Hollow seeds in Larix 
laricina (Du Roi) K. Koch (6) and Pinus taeda L. (15) have been attributed 
to failure of pollination. In Pinus nigra Arn. var. austriaca Endl., Emig (8) 
found that many ovules fail to resume development in the second year. 
These ovules resemble red pine ovules that abort during the second year 
before reaching full size in that they do not produce archegonia. 

Abortion of first-year ovules in Pinus has received little attention. Baldwin 
(3) states that ‘The average number of mature seeds in pines is usually less 
than 50% of the maximum number which could develop under optimum 
conditions of environment and physiological balance’’, but there is no indica- 
tion whether this ‘“‘maximum number”’ includes all the ovules in the cone or 
only those in the productive region as previously defined for red pine. 
Abortion of the megaspore in the young ovule of Pinus contorta Dougl. is 
described by Chamberlain (4) but without mention of its effect on subsequent 
development of the ovule. 

The role of nutrition in ovule abortion in pines is poorly understood. 
Baldwin (3) cites conflicting evidence of the adverse effect of resin extraction 
on seed production within cones, but the most convincing evidence is by 
Plancke (12), who showed that cones from untapped Pinus sylvestris L. 
contained 44% more seeds than cones from tapped trees. Chemical fertilizers 
are known to increase the proportion of sound seeds in deciduous trees (3), but 
in recent investigations on Pinus taeda, Wenger (16, 17) found that neither 
chemicals nor preharvest release affected seed production within cones. 


Seed Production Capacity 


The seed capacity, i.e. the number of ovules in the productive region, varies 
from about 30 to over 110, with the mean for different samples usually between 
60 and 90. However, ultimate seed yield is determined by the extent of 
ovule abortion which is seldom less than 20% and occasionally as high as 
100%. Seed capacity and the extent of ovule abortion both vary according 
to the cone’s size and its position in the tree. 


Cone Size 


The relation between cone size and seed yield has received little attention, 
but it seems almost self-evident that large cones should produce more seeds 
than small ones. A direct relation between length and yield is described by 
Eliason and Heit (7) for Pinus sylvestris, but it does not hold in all species of 
pines. The relation is not evident in Aldrich-Blake’s data on Pinus laricio 
Poir. var. corsicana Loud. (1), and was not detected by McIntyre (10) in 
Pinus pungens Lamb. 

In red pine, seed yield obviously varies directly with cone length and with 
the number of scales per cone. However, these relationships are affected by 
the extent of ovule abortion auc by local differences in cone growth, and vary 
greatly from one group of trees to another. The relationship between seed 
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SEED CAPACITY 
Y = 1.33X - 22.7 


“DEVELOPING” OVULES 
Y=1-02X- 33.1 


NUMBER OF OVULES PER CONE 


54 58 62 os rw Fs 8 82 86 90 94 98 102 


NUMBER OF SCALES PER CONE 


Fic. 5. Relation between red pine cone scale number and ovule number, based on 
79 second-year cones collected from one tree at Camp Borden, May, 1953. 


production and cone size is best shown by plotting seed capacity against scale 
number (Fig. 5). Fitted lines for other red pine cone samples have the same 
position and slope. The lower line in Fig. 5 expresses seed yield as determined 
by the extent of ovule abortion. 

The percentage of ovule abortion in red pine varies indirectly with cone 
size; but the relationship is weak. In Pinus sylvestris, the proportion of 
hollow seeds in small cones is almost double that in large ones (7). However, 
Aldrich-Blake’s data on P. laricio var. corsicana (1) show an opposite 
relationship: 28-30% hollow seeds in large cones and less than 2% in 
small ones. 


Position of Cone Within the Tree 

To determine how cones vary in structure and seed production within a 
tree, young second-year cones were selected in about equal numbers from 
the upper and lower thirds of the crown of an open-grown red pine tree at 
Camp Borden, Ontario. - Within each crown level, cones were selected from 
three different positions on the branch: first order cones, borne on the 
terminals of main branches; second order cones, borne on the terminals of 
laterals from the main branch; and third order cones, borne on other terminals. 
First order terminals are generally the largest and most vigorous, whereas 
those of the third order are shortest and weakest. 
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Scale number (Table I) and seed capacity (Table II) are higher in the upper 
part of the crown and, within each level, are highest in first order and lowest 
in third order cones. Cone length is similarly distributed. Ovule abortion 
occurring during the first year, on the other hand, is least in upper first order 
cones and greatest in lower third order ones (Table III). In Tables I-III, 
the differences between levels and between orders within levels are significant 
by analysis of variance. In terms of seed yield, upper first order cones at 
this stage contain more than twice as many developing ovules as lower third 
order cones (61 as compared to 29). 


TABLE I 


MEAN NUMBER OF SCALES PER RED PINE CONE AT DIFFERENT POSITIONS 
IN THE CROWN: CAMP BorDEN, 1953 


Cone order 
Level in tree 1 2 3 Mean 
Upper 87.4 + 1.7 $3.3 + 2.4 75.4 + 1.9 82.9 
(15)* (15) (10) 
Lower 74.7 + 1.8 68.8 + 1.7 65.0 + 2.6 70.2 
(15) (15) (9) 
Mean 81.0 75.7 70.5 76.6 
* Number of cones in subsample. 
TABLE II 


SEED CAPACITY OF RED PINE CONES AT DIFFERENT POSITIONS 
IN THE CROWN: CAMP BorDEN, 1953 


Cone order 


Level in tree 


w 
= 


Upper 96.6 + 2.9 86.5 + 3.4 12.9 & 3.1 86.9 

Lower 77.3 & 2.3 69.7 + 2.6 64.8 + 3.1 71.4 

Mean 87.0 78.0 69.0 79.2 
TABLE III 


MEAN PER CENT OVULE ABORTION IN RED PINE CONES FROM DIFFERENT POSITIONS 
IN THE CROWN*: CAMP BORDEN, 1953 


Cone order 
Level in tree 1 2 3 Mean 
Upper 36:2 = 1.5 42.2 + 20 44.8 + 3.1 40.6 
Lower 39.9 + 2.4 46.2 + 2.1 54.6 + 3.8 45.7 
Mean 38.1 44.3 49.5 43.2 


* Including only ovules that aborted during the first year. 
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The variability among cones within a tree illustrates the danger of typifying 
the tree incorrectly by sampling cones without careful regard for their location 
in the crown. For example, it would be possible to derive different estimates 
of seed capacity, ovule abortion, etc., from two similar trees by selecting 
lower-crown cones from one and upper-crown cones from the other. 


Estimates of Seed Production Efficiency 


As already stated, seed production efficiency is here defined as the proportion 
of ovules in the cone’s productive region that become seeds, and is determined 
by the extent of ovule abortion. Table IV shows estimates of mean seed 
production efficiency in second-year red pine cones collected more or less 
randomly from trees in four localities. Estimates that were made early in 
the year include only the effect of abortion that occurred during the previous 
summer. Later estimates include also the effect of stunted and full-sized 
hollow seeds, which ordinarily reduces efficiency by a further 10-12%. 


TABLE IV 


SEED PRODUCTION EFFICIENCY IN SECOND-YEAR RED PINE CONES 


Locality Time Mean efficiency (%) 
Sault Ste.. Marie Late 1950 54 
Early 1951 73 
Late 1951 63 
Camp Borden Early 1950 58 
Early 1953 59 
Late 1953 47 
Chalk River Early 1950 63 
Late 1950 45 
Early 1952 62 
Lake Kipawa Late 1950 36 


The variability in efficiency estimates is probably due partly to real differ- 
ences in the extent of ovule abortion, and partly to sampling errors, the danger 
of which was mentioned in the preceding section. 


Discussion 


Investigations of seed production in pines are usually confined to the 
number and quality of seeds yielded by mature cones. This information is 
valuable in calculating the amount of seed available for regeneration, but is 
only a description of the end product of a two-year process, during which 
eventual seed yield is influenced by many factors. Moreover, seed yield in 
red pine is a poor criterion of the cone’s capacity to produce seeds. In order 
to arrive at a better understanding of seed production, it is necessary to study 
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the progress of ovules before cone maturity. When this is done in red pine, 
it is found that the cone can be divided into two regions with ovules that are 
rudimentary or absent and one with ovules that are normally developed (i.e. 
possess a nucellus-covered integument) at the time of pollination. The first 
two regions, which contain more than half of the cone’s ovules, are considered 
to be incapable of producing seeds, whereas the third region, by virtue of its 
normal ovules, is capable of producing seeds. The criterion of the young 
ovule’s ability to form a seed is whether it is normally developed at the time 
of pollen dispersal, rather than whether it is actually pollinated. 

Many ovules abort after the time of pollen dispersal, so that seed yield 
is seldom, if ever, as great as seed capacity. Although it is obvious that 
phenomena associated with fertilization account for only a small part of the 
total ovule abortion, i.e. the few ovules aborting about the normal time of 
fertilization, any attempt to explain the cause of earlier abortion would be 
speculative at present. However, the distribution of abortion both within 
the cone and within the tree suggests that nutritional factors may be involved. 
This view is supported by published evidence on the adverse effect of resin 
extraction on seed production in pines (e.g. (12) ). 

Failure to recognize the effect of ovule abortion may lead to serious 
miscalculations of ultimate seed yield. For example, in calculating seed 
yield in Pinus palustris Mill., Chapman (5) assumed an average of 60 fertile 
scales, or 120 seeds, per cone. Wright (18) later criticized this calculation, 
stating that if the cones were typical they probably contained no more than 50 
sound seeds. Chapman's estimate of the seed available for reproduction was 
therefore about 140% in error. 
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LABORATORY STUDIES ON THE EVALUATION AND ACTIVITY 
OF ANTIFUNGAL FUMIGANTS! 


By R. E. Sampson? AND R. A. Lupwic? 


Abstract 


A method of evaluating antifungal fumigants under substrate-free conditions 
by means of the standard dosage response curve is described. Results demon- 
strate the importance of relative humidity in ethylene oxide and chloropicrin 
fumigation. 


Fumigants have been extensively tested for the control of soil borne diseases 
such as damping off (9), the preservation of stored grain (2), and the preven- 
tion of food spoilage (5). Test methods employed have included treatment 
of the organism in its natural substrate (13, 16), in agar cultures (16), 
impregnated cloth (8), or as spores on or in a suitable carrier (3, 10). Little 
work has been done on the factors affecting antimicrobial activity freed from 
the complication of substrate penetration by the fumigant although the classic 
work of Phillips and Kaye (6, 7, 11, 12) on the fumigant properties of ethylene 
oxide can be cited as an exception to this generalization. The studies reported 
in this paper were undertaken to determine whether the standard type of 
dosage response curve employed for the routine evaluation of fungicides (1) 
could be used in a comparison of antifungal fumigants and a study of factors 
affecting their activity. 


Methods 


Ethylene oxide and chloropicrin were selected for use in these studies 
because of their known activity against fungi and because the former is 
soluble and the latter insoluble in water. 

Alternaria solani, Fusarium oxysporum f. lycopersici, and Bacillus subtilis 
were used as test organisms. With Alternaria solani, spores were used. 
These were collected from potato dextrose agar cultures and washed repeatedly 
in distilled water. In initial experiments they were then deposited on 9 cm. 
No. 1 Whatman filter paper disks, air-dried, and stored at 1° C. until used. 
Under these conditions spores retain their viability for periods up to six 
months. Segments from these disks were exposed to the fumigant. Follow- 
ing exposure, spores washed from the paper with 0.05% orange juice were 
placed in drops on glass slides for germination. Counts were made after 18 
hr. In later experiments the filter paper disks were discarded in favor of 
1 cm. sintered glass disks. These disks were lightly coated with spores, dried 
under high vacuum, exposed to the fumigant, and then placed in moist 

1 Manuscript received September 16, 1955. 
Contribution No. 59, Science Service Laboratory, Canada Department of Agriculture, 
University Sub Post Office, London, Ontario. 
2 Plant Protection Officer, Plant Protection Division, Science Service, Department of Agri- 


culture, London, Ontario. 
3 Principal Plant Pathologist. 
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chambers in contact with filter paper moistened with an excess of 0.05% 
orange juice to induce spore germination. The disks were removed after an 
overnight germination period and placed in a weak, hot solution of methylene 
blue for two minutes, drained, and gently washed in distilled water. The 
germ tubes were stained sufficiently in this way to permit a germination count. 

Thread cultures of Fusarium oxysporum f. lycopersici, prepared according 
to the method described by Forsberg (4) for F. oxysporum f. gladioli, were 
used with this organism. Similar thread cultures of Bacillus subtilis, prepared 
by placing pieces of sterile cotton thread in medium G (15) shake cultures of 
this organism for 18 hr., were also employed. 

Thread cultures of Fusarium oxysporum f. lycopersici and Bacillus subtilis 
were subjected to the same treatments of vacuum drying and exposure to 
fumigants as the spores of A. solani, but were plated out on potato dextrose 
agar and nutrient agar respectively. Results with them were evaluated by 
counting the number of threads which failed to show growth after a suitable 
incubation period (14). 

In the early experiments exposures to the fumigants were made in 525-liter 
steel vacuum tanks equipped with circulating fans. The gas was introduced 
by evacuating the tanks, and admitting it in amounts calculated from 
manometer depression readings to give the required dosages as per cent by 
volume in the blanketing gas (CO: with ethylene oxide; air with chloropicrin). 
In some experiments humidity was controlled through the introduction of an 
appropriate amount of water vapor. In these experiments actual relative 
humidity readings were obtained on previously installed hydrothermographs. 

The steel tanks were replaced by 10-liter pyrex vacuum desiccators in 
later experiments. This was done to save time and material, as well as to 
reduce fire hazard through the use of smaller quantities of ethylene oxide. 
Fumigants were introduced to the 10-liter vacuum desiccators by evacuating 
the vessels (0.5 cm. of mercury) and admitting the gases in amounts calculated 
from manometer depression readings to give the desired concentrations as per 
cent by volume in air. Difficulties experienced in introducing chloropicrin 
as a gas were overcome by vaporizing the liquid with heat from an infrared 
lamp in a previously evacuated reservoir. The chloropicrin vapor was then 
drawn into the test chamber from this reservoir. Humidity ranges were 
established in these vessels by returning to atmospheric pressure with air 
at 100% R.H. and 0% R.H. in proportions calculated to give desired levels 
of humidity, neglecting for this purpose the volume of fumigant already 
present. 


Results 


Dosage response curves obtained by exposing spores of A. solani to varying 
dosages of ethylene oxide at three levels of humidity are presented in Fig. 1. 
The curves for 0 and 100% R.H. represent duplicate experiments run in the 
steel tanks using the filter paper method and CO, as the blanketing gas. 
The line for 50% R.H. is not strictly comparable since it was obtained in the 
laboratory apparatus using the sintered glass disk method. The derived 
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mortality figures do not differ significantly from the probit — log concentration 
regression lines when tested by the Chi® method. Thread cultures of 
F. oxysporum f. lycopersici showed 100% kill at the lowest dosage under 
100% R.H. conditions. Hence dosage response curves could not be drawn. 
This result however is in general agreement with the humidity response 
illustrated for A. solani in Fig. 1. 

Straight line dosage response curves for chloropicrin obtained at 0 and 100% 
R.H. with spores of Alternaria solani are given in Fig. 2. 

Again a pronounced humidity effect is obvious. In contrast to ethylene 
oxide, however, the greatest difference between humidities occurred at high 
dosage. When thread cultures of Fusarium oxysporum {. lycopersici were 
exposed to chloropicrin under the same conditions, no killing effect was evident 
at concentrations up to 2.5% by volume in air, at 0% R.H., or at concentra- 
tions up to 2.0% under 100% R.H. conditions. Forty-two per cent kill 
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Fic. 1. Dosage response curves showing the toxicity of gaseous ethylene oxide to 
spores of Alternaria solani at different humidities. 
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was recorded, however, at a concentration of 2.5% by volume of chloropicrin 
at a R.H. of 100%. These data corroborate those obtained by the sintered 
disk method of assay, where it was apparent that increased humidity became 
a contributing factor to the fungicidal activity of this gas at the higher 
concentrations employed. 

Because of the pronounced effect of humidity a series of experiments were 
undertaken using a constant gas dosage at varying humidities. The results 
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Fic. 2. Dosage response curves showing the toxicity of gaseous chloropicrin to spores 
of Alternaria solani at 0 and 100% R.H. , 
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Fic. 3. A comparison of the effect of relative humidity on the toxicities of gaseous 


ethylene oxide and chloropicrin to spores of Alternaria solani and thread cultures of 
Fusarium oxysporum. 


of these experiments are summarized in Fig. 3. It can be seen that a slight 
increase in moisture at lower humidity levels causes a sharp increase in the 
antifungal activity of ethylene oxide. Increases at the high humidity levels 
did not so greatly enhance toxicity. With chloropicrin, humidity changes 
are much more significant at the high moisture levels, the reverse of the effect 
with ethylene oxide. Thread cultures of Fusarium oxysporum f{. lycopersici 
were noticeably less susceptible to ethylene oxide than were spores of Alternaria 
solani at relative humidities below 50%. Thread cultures of F. oxysporum f. 
lycopersici treated with chloropicrin showed 86.6% kill at 100% R.H., but 
no kill was recorded at lower humidities when this concentration of gas was 
used. 

Kaye and Phillips (7) using Bacillus globigii (B. subtilis) as a test organism 
found the bactericidal activity of ethylene oxide to decrease when the relative 
humidity was increased. This is in contrast to the results reported here for 
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Fic. 4. A comparison of the toxicity of gaseous ethylene oxide to Alternaria solani 
and Bacillus subtilis. 


spores of A. solani. The response of these two organisms was therefore 
compared in a single experiment. The results, Fig. 4, obtained for B. subtilis 
are in general agreement with the findings of Kaye and Phillips and show a 
definite contrast to those obtained with A. solani. 


Discussion and Summary 


The results presented in this paper demonstrate clearly that standard 
dosage response curves can be used for the evaluation of antifungal fumigants 
when the complicating factor of substrate penetration is removed. 

The two gases used, ethylene oxide and chloropicrin, were found to be more 
effective at high humidity levels. This is in agreement with previous reports 
on the beneficial effects of high humidity in ethylene oxide (7) and chloropicrin 
fumigation (3, 10) and could be explained by a higher rate of metabolic activity 
prevailing under moister conditions. No explanation can be offered at the 
moment for the fact that ethylene oxide produced a steep dosage response 
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curve at zero R.H. and a flat curve at 100% R.H. with spores of Alternaria 
solani whereas the reverse occurred with chloropicrin. 

The response obtained by treating Alternaria spores at 100% R.H. appears 
to be in disagreement with that reported by Kaye and Phillips (7) for Bacillus 
subtilis. This apparent species difference appears to be further confirmed by 
the data presented in Fig. 4 where Alternaria and B. subtilis were compared 
in a single experiment. The lines for 0 and 100% R.H. converging at the 
80% kill point in Fig. 1, however, suggest that, had a higher dosage or longer 
exposure period been used, better kill might have been obtained at the low 
humidity level. The difference between the two species might then be merely 
a matter of dosage required. This point is being further investigated. The 
depressing action of extremely low humidities reported by Kaye and Phillips 
(7) for ethylene oxide would not be experienced in these experiments since 
long periods of high vacuum desiccation were not employed. 
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A METHOD OF ISOLATING ACTINOMYCETES FROM SCABBY 
POTATO TISSUE AND SOIL WITH 
MINIMAL CONTAMINATION! 


By'C. H. LAWRENCE? 


Abstract 


The isolation of actinomycetes from soil or from scabby potato tubers was 
facilitated by a 10-min. treatment of the material from which the isolations were 
to be made with phenol in dilution of 1: 140. This eliminated most bacterial 
contaminants and reduced fungal contaminants especially those of the spreading 
type. Treatment of the material with higher concentrations of phenol pro- 
gressively decreased the number of actinomycetes until there was no growth 
after treatment with 1:70 dilution of phenol. Optimum development and 
maximum numbers of actinomycetes occurred when phenol-treated material was 
cultured on media adjusted to pH 6.5. More actinomycetes developed on 
glucose-asparagine agar than on Czapek’s agar inoculated with phenol-treated 
material from scab-infected potatoes. However, when phenol-treated soil 
suspensions were tested, Czapek’s agar was more favorable to the development 
of actinomycete colonies. A comparison of the phenol method with another 
in which sodium propionate is incorporated into the culture medium showed 
that the phenol method was more efficient in reducing contaminants and in 
permitting a larger number of actinomycete colonies to develop. 


Introduction 


The isolation of actinomycetes from scab-infected potatoes and from soil 
is often difficult because of the numerous bacterial and fungal contaminants 
that overgrow the slower developing actinomycete colonies. A number of 
workers have proposed methods that reduce this difficulty when actinomycetes 
are being isolated from potatoes (2, 3,4, 5). With these methods some means 
of surface disinfection is employed, then under aseptic conditions the corky 
layer of a lesion is lifted, the underlying diseased area is removed and triturated 
in sterile water, and portions of the resultant suspension are diluted and 
plated. Isolations from soil are usually made by diluting the soil material 
and plating small aliquots of this on selective media such as Czapek’s agar or 
glucose-asparagine or egg albumen agar. KenKnight and Muncie (2) reported 
the use of a minimal medium for this purpose. Crook et al. (1) claimed that 
fewer contaminants appeared when sodium propionate was incorporated into 
the medium. This paper describes a method whereby actinomycetes can be 
isolated from either infected potato tubers or from soil by treating the 
inoculum with phenol. 


Experimental 


Treatment of Scabby Potato Inoculum with Phenol 
Preliminary experiments showed that, when actinomycetes were being 
isolated from scab-infected potatoes, most contaminants were eliminated by 
first treating the inoculum for 10 min. with phenol in proportions of 1 : 100 
1 Manuscript received September 1, 1955. 
Contribution No. 1486, Botany and Plant Pathology Division, Science Service, Canada 


Department of Agriculture, Ottawa, Ontario. 
2 Assistant Plant Pathologist, Plant Pathology Laboratory, Fredericton, New Brunswick. 
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by volume. Stronger concentrations of phenol greatly reduced the number 
of actinomycete colonies, and no organisms developed when the inoculum 
was treated with 1:70 dilution of phenol. Experiments were then made 
with dilutions of phenol ranging from 1 : 100 to 1 : 140 by volume, at dilution 
intervals of 10 ml. 

Glucose-asparagine agar and Czapek’s agar were used as the culturing 
media, which were adjusted to pH values of 6.0, 6.5, 7.0, and 7.5. These 
media were made aseptic by autoclaving for 15 min. at 15 lb. pressure (121° C.). 

The inoculum was prepared by grinding 5 gm. of peelings from scabby 
potato tubers in 100 ml. of distilled water for three minutes in a Waring 
blendor. One drop (approximately 1/25 ml.) of this material was then 
transferred to 10 ml. of the required phenol concentration, and to 10 ml. of 
distilled water which served as a control. This suspension was thoroughly 
mixed and allowed to stand for 10 min.; one drop was placed in 12 ml. of the 
melted medium at 45°C. The inoculated medium was then shaken and 
poured into a sterile Petri dish. After the plates had been incubated for 
seven days at 25°-27° C., counts were made of the numbers of colonies of 
actinomycetes, fungi, and bacteria that developed. In each experiment two 
plates were poured for each treatment, and the experiment was repeated 
six times. 

The greatest numbers of actinomycetes were obtained on the two media at 
pH 6.5, and these results are presented in Table I. Only occasional bacterial 
contaminants developed in any of the phenol treatments and the number of 
fungal contaminants was reduced. The numbers of actinomycetes were 
greatest after treatment with 1:140 phenol, and these decreased with 
increasing concentrations until finally a reduction, approximating 40%, 
occurred after treatment with 1 :100 phenol. On Czapek’s agar, there was 
an increase in the number of actinomycetes over the control when the 
inoculum was treated with 1 : 110 to 1 : 140 phenol and on glucose-asparagine 
agar after treatment with 1 : 130 and 1 : 140 phenol. Only a few contaminants 


TABLE I 


THE EFFECT OF PHENOL IN REDUCING BACTERIAL AND FUNGAL 
CONTAMINANTS IN SCABBY POTATO INOCULUM 


Mean count per plate on Czapek's agar Mean count per plate on glucose-asparagine 
at pH 6.5 (12 replications) agar at pH 6.5 (12 replications) 
Phenol 
concentration Actinomycetes Fungi Bacteria Actinomycetes Fungi Bacteria 

1: 100 108 0.4 0.2 123 0.5 0.0 
1:110 192 1.4 0.2, 221 1.0 0.0 
1:120 227 1.1 0.1 206 0.0 1.0 
1:130 238 2.3 0.1 257 2.0 0.5 
1: 140 277 0.1 309 1.8 0.1 
0 190 8.0 34.0+* 251 3.0 31.0+* 


* The + sign represents unrecorded pin-point bacterial colonies. 
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appeared on the media adjusted to pH 6.0, 7.0, and 7.5, but the development 
of actinomycetes was not as satisfactory as at pH 6.5; development at pH 
7.0 and 7.5 was comparable but there were fewer actinomycetes, whereas at 
pH 6.0 growth was slower although there was a similar number of actino- 
mycetes. Fig. 1 shows the effect of two phenol treatments as compared to a 
control with the medium maintained at four pH values. Fig. 2 shows the 
effect of five concentrations of phenol with the medium at pH 6.5. 

A modification of this technique was particularly useful when actinomycetes 
were isolated from a single scab lesion. Isolated lesions were removed from 
Green Mountain and Irish Cobbler tubers and placed in a mortar containing 
20 ml. of 1: 140 phenol. The material was macerated with a pestle and the 
suspension allowed to stand for 10 min., then one drop was plated on Czapek’s 
agar at pH 6.5. With this method a large number of different types of 
actinomycete colonies was obtained and these colonies were mostly free 
from contaminants. 


Treatment of Soil Inoculum with Phenol 

The methods described above were also used, with slight modification, for 
the treatment of the inoculum obtained from soil. Two drops of the inoculum, 
from a suspension containing five grams of soil, were added to 10 ml. of 
phenol (1:100 to 1:140). Again the best results were obtained with 
Czapek’s agar and glucose-asparagine agar adjusted to pH 6.5, and with the 
1 : 140 phenol treatment. These results are shown in Table II. There was 
an increase in the number of bacterial contaminants on both media when 
inoculum was used from this source. However, when compared to the 
controls, the 1 : 140 phenol treatment reduced considerably the number of 
contaminants and permitted a larger number of actinomycetes to develop. 
Soil isolations differed from those obtained from scab-infected potatoes in 
that larger numbers of actinomycetes appeared on Czapek’s agar than on 
glucose-asparagine agar. 


TABLE II 


THE EFFECT OF PHENOL IN REDUCING BACTERIAL AND FUNGAL 
CONTAMINANTS IN SOIL INOCULUM 


Mean count per plate on Czapek’s agar Mean count per plate on glucose-asparagine 
aids at pH 6.5 (12 replications) agar at pH 6.5 (12 replications) 
concentration Actinomycetes Fungi Bacteria Actinomycetes Fungi Bacteria 
1: 100 il 0.8 0.7 9 1.0 1.0 
1:110 13 0.7 1.8 14 0.5 4.3 
1:120 17 1.0 2.7 17 0.5 1.8 
1:130 20 0.5 1.1 16 1.0 1.0 
1:140 27 1.0 1.8 21 2.8 1.5 
0 23 3.0 23.0+* 20 4.3 14.0+* 


* The + sign represents unrecorded pin-point bacterial colonies. 
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PLATE I 


Fic. 1. Growth of actinomycetes, bacteria, and fungi on Czapek’s agar, maintained 
at four pH levels, after the scabby potato inoculum had been treated with two phenol 4 
concentrations. Columns 1 to 4, medium at pH 6.0, 6.5, 7.0, and 7.5, respectively. . 
Rows A, E, and F, phenol treatments 1 : 100, 1 : 140, and control, respectively. A 


Fic. 2. The effect of five different phenol treatments on scabby potato inoculum plated 
on Czapek’s agar at pH 6.5. A to F, phenol treatments 1 : 100, 1 : 110, 1 : 120, 1 : 130, 
1 : 140, and control, respectively. 
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Comparative Tests 


A comparison was made of the method described and one in which con- 
taminants are reduced by incorporating sodium propionate into the culture 
medium. Sodium propionate was incorporated into glucose-asparagine agar 
and Czapek’s agar at the rate of 1 : 250 (1) and the media adjusted to pH 6.0, 
6.5, 7.0, and 7.5. These adjustments were made before autoclaving and 
after autoclaving, and in one series there was no pH adjustment. The scabby 
potato inoculum was prepared as described previously and then one drop was 
diluted in 10 ml. of distilled water before the media were inoculated. 

When sodium propionate was incorporated into glucose-asparagine agar 
the results were unsatisfactory. No actinomycetes appeared on the medium 
at pH 6.0 and only a very few at pH 6.5, 7.0, and 7.5. When colonies did 
appear the development was slow and contaminants were numerous. When 
sodium propionate was added to Czapek’s agar (pH adjusted before auto- 
claving) no actinomycetes appeared on the medium at pH 6.0 and only a few 
at pH 6.5. Satisfactory development occurred at pH 7.0 and 7.4. It 
appears from this that the sodium propionate is affected by the pH of the 
medium which, for best results, must be close to neutrality or slightly alkaline. 
In view of this, the comparative tests with the phenol method were made with 
sodium propionate in Czapek’s agar at pH 7.0. Phenol was used at a con- 
centration of 1 : 140 with a treatment time of 10 min. The results of tests 
with soil inoculum and with potato inoculum are shown in Table III. There 
were fewer actinomycetes and a greater number of contaminants with the 
sodium propionate than when the inoculum was treated with phenol. 


TABLE III 


COMPARATIVE EFFECTS OF SODIUM PROPIONATE AND PHENOL IN REDUCING FUNGAL AND 
BACTERIAL CONTAMINANTS WHEN ISOLATING ACTINOMYCETES 


(Inoculum plated on Czapek’s agar at pH 7.0) 


Scabby potato inoculum Soil inoculum 
Sodium Sodium 
Phenol propionate Phenol propionate 
Organism 1:140 1: 250 Control 1:140 1: 250 Control 
Actinomycetes 172 154 131 17 15 15 
Bacteria 0 45+* 57+* 1 12 20+* 
Fungi 1 3 2 8 9 19 


* The + sign represents unrecorded pin-point bacterial colonies. 
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LABORATORY DETECTION OF CORYNEBACTERIUM 
SEPEDONICUM, CAUSAL AGENT OF BACTERIAL RING 
ROT OF POTATOES! 


By H. KatTzNELson? AND M. D. Sutton? 


Abstract 


Studies are described on the laboratory detection of bacterial ring rot of 
potatoes caused by Corynebacterium sepedonicum (Spieckermann and Kotthoff) 
Skaptason and Burkholder. A cultural-microscopic procedure, involving the 
preincubation of aseptically removed infected material on a suitable medium, 
was found in general to be more reliable than direct examination of Gram- 
stained smears from diseased material. This was especially noticeable with 
lightly infected potatoes. The use of both methods would likely decrease the 
possibility of incorrect diagnosis. A serological method also was found to be of 
value in detecting ring rot in tubers and in plant extracts. Antiserum for one 
typical strain of C. sepedonicum (CS850) agglutinated all strains tested, and 
also reacted with all infected samples examined but not with uninfected material. 
This organism might be used to prepare bulk antiserum for distribution to 
various laboratories engaged in the diagnosis of bacterial ring rot. Attempts 
to isolate a phage for C. sepedonicum were unsuccessful. 


Introduction 


In recent years concern has been expressed by plant pathologists in this 
country and in the United States regarding the adequacy of existing laboratory 
methods for detecting bacterial ring rot of potatoes. At least three such 
methods have been proposed, each with its own peculiar advantages and 
disadvantages (3): the fluorescence test of Iverson and Kelly (8), the 
microscopic Gram-stain technique of Racicot et al. (6, 13), and the serological 
method of Tipograf (19). It was decided to investigate the two latter methods 
further in order to develop a more reliable diagnostic procedure. The slow 
growth of Corynebacterium sepedonicum (Spieckermann and_ Kotthoff) 
Skaptason and Burkholder on artificial media has been noted previously 
(4, 15) and numerous attempts have been made to find a more suitable sub- 
strate (2, 12, 14, 17). It was considered desirable therefore to develop a 
medium which would support rapid and abundant growth of the organism on 
isolation and to combine cultural and microscopic studies for its detection. 


Of the three methods of detection mentioned above the serological technique 
has not received as much attention as it may deserve. The increasing use to 
which serology has been put in the diagnosis of plant virus diseases (1, 20, 21) 
suggested that a re-examination of the potentialities of this procedure might 
prove of some value. The observation of Burkholder (3) that ‘‘very few plant 


1 Manuscript received September 22, 1955. 

Joint contribution from the Bacteriology Division (Contribution No. 396) and the Botany 
and Plant Pathology Division (Contribution No. 1490), Science Service, Canada Department of 
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pathology divisions are equipped to carry on serological work” need not 
preclude use of the method, since a stock of specific antiserum could be 
prepared in one suitably equipped laboratory and distributed to branch units 
throughout the country. The actual manipulations in testing samples are 
quite simple. 

The successful use of bacteriophage in the detection of bacterial plant 
pathogens in seed (10, 18) suggested a similar approach for ring rot. Unfortu- 
nately, as yet all efforts to isolate a phage for C. sepedonicum have failed. 


Experiments and Results 


Cultural—Microscopic Diagnosis 


Various complex media were tested in efforts to find one that would support 
rapid growth of C. sepedonicum. Among these were Difco’s brain-liver— 
heart medium; a yeast autolysate medium containing tryptone, beef extract, 
and glucose; potato-dextrose agar with tryptone, peptone, and yeast extract; 
and a newly designated medium (NM) which was found to give the most 
consistent and satisfactory results. The constituents of this medium, per 
liter, are as follows: Difco nutrient agar, 23 gm.; tryptone, yeast extract, and 
glucose, each 5.0 gm.; salt solutions A and B of Snell and Strong (16), 5 ml. 
each. The pH of the medium was 7.0-7.2. All media used were tested 
alone and with skim milk or potato starch without significant improvement in 
growth of the organism. 

The procedure for isolating the organism from infected potatoes was as 
follows: The potato was cut near the stem end to expose the vascular ring; 
a smear was then made from this section and stained with the Gram stain. 
A second transverse cut was made about one inch from the first. This potato 
slice was then cut with a sterile knife from the center outward, and the slice 
broken open to expose the untouched portion of the vascular ring. This 
section was scoured with a sterile probe and squeezed, and a loopful of 
expressed fluid was streaked on agar medium NM in Petri plates. Three or 
four streaks were made on one plate. This procedure prevented, in large 
measure, the introduction of surface organisms, and contaminants developed 
only infrequently. These could be reduced even further by use of sodium 
dichromate at a dilution of 1 : 20,000 as recommended by Sniezko and Bonde 
(17) or by use of the antibiotic Aerosporin (polymyxin) which was found to 
inhibit Gram-negative bacteria such as Erwinia carotovora at a dilution of 
1 : 5,000,000 and C. sepedonicum only at about 1 : 80,000 (9). The plates 
were incubated at room temperature. After 48 hr., and with heavily infected 
tubers even after 24 hr., a faint film of growth appeared on the agar surface. 
When a portion of this was smeared on a slide and stained with the Gram stain 
a typical picture of Gram-positive pleomorphic rods, club-shaped forms, and 
globular elements was obtained (Fig. 1). This form is typical of C. sepedonicum 
when it is first cultured from infected material (5) and as such it is much more 
easily recognized than in direct smears from the original sample. After 
several days, typical creamy growth is abundant on this medium and the 
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organism may be isolated readily. At this time also the cells are smaller and 
more uniform in size and shape (Figs. 2A, 2B). Healthy potatoes have 
yielded no such forms; extracts of such samples appear to be sterile. Since 
it has been reported, however, that a variety of organisms may enter or be 
present in tubers (7) it therefore became necessary to make certain that the 
bacteria isolated from infected material were indeed the ring rot organism. 
With all isolates, proof of the presence of C. sepedonicum was demonstrated by 
means of the usual cultural and biochemical tests, by pathogenicity tests on 
tomato seedlings (11), by injection into healthy potato tubers and reisolation 
from the resulting discolored, brownish vascular ring which was present after 
storage for two to three months, and by observation of extensive infection 
and typical ring rot symptoms in plants grown from such infected potatoes. 
In all these tests, known strains of C. sepedonicum from our stock culture 
collection and a strain kindly supplied by Dr. C. D. Cox of the University of 
South Dakota were used. Furthermore, all the organisms isolated from 
infected tubers were agglutinated by the same antiserum as will be shown 


below. 


By means of this combined cultural and microscopic procedure it was 
possible to obtain more reliable evidence of bacterial ring rot than it was by 
direct staining of suspected material. In cases of light infection especially, 
the cultural procedure yields larger numbers of cells and permits a more 
certain diagnosis, although final results are not available for 48 hr. A 
number of suspected samples could not be diagnosed as positive by examina- 
tion of stained smears but were found to be infected on examination of smears 
after isolation on medium NM. 


Serological Diagnosis 


Rabbits were injected intravenously with cultures CS850 (ATCC No. 9850) 
and P40 of our collection. After three weeks the rabbit serum showed agglu- 
tinating antibodies for these organisms. All the cultures of C. sepedonicum 
available, including the new ones isolated on medium NM, designated CS 1-7, 
and additional strains CS101, 105, 106, 107 kindly supplied by Dr. M. P. Starr, 
University of California, Davis, Calif., were grown on medium NM for 48 hr. 
Heavy suspensions were made in 0.85% NaCl and tested with the rabbit 
antiserum by mixing two drops of culture with two drops of antiserum and 
shaking the mixture for three minutes. Several other phytopathogenic species 
of Corynebacterium were tested in a similar manner. The results of these 
tests are shown in Table I. CS850 serum agglutinated all the C. sepedonicum 
cultures used whereas that for P40 agglutinated its homologous antigen and 
a closely related culture P39 of our collection, as well as two of the four cultures 
obtained from Dr. Starr. Of these two, culture CS101 was found to have 
originated in the Plant Pathology Laboratory in Ottawa and may be closely 
related to our cultures P39 and P40. Species of Corynebacterium other than 
C. sepedonicum were not agglutinated to any extent by CS850 antiserum but 
two were agglutinated by P40 antiserum (Table I). 
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Fic. 1. Morphology of Corynebacterium sepedonicum on first isolation from an infected 
potato tuber; 24 to 48 hr. on artificial medium (Gram stain). 


Fic. 2A. Morphology of C. sepedonicum on first isolation from an infected potato; ; 
six to seven days on artificial medium. ) 


Fic. 2B. Morphology of C. sepedonicum from stock culture collection. 


Katznelson and Sutton—Can. J. Botany, Vol. 34 


| 


F 
Ger 
2 
{ 


KATZNELSON AND SUTTON: BACTERIAL RING ROT OF POTATOES 51 


TABLE I 


ANTIGENIC REACTIONS OF STRAINS OF Corynebacterium sepedonicum AND 
OTHER PHYTOPATHOGENIC CORYNEBACTERIA 


CS850 antiserum P40 antiserum 
Serum Serum 
Antigen (culture) Agglutination dilution Agglutination dilution 
P39 ++++ 1:64 
CS1 234 131 
CS3 +4+4++ - 
CS4 ++++ - “ 
++++ 
Cs101 +++ “ 
CS105 +++ “ “ 
CS106 - 
CS107 ++++ « 
C. michiganense ++ “ 
C. flaccumfaciens + +44 
C. poinsettiae “ 


*— = No agglutination; + discernible; ++ moderate; +++ strong; ++++ complete. 


TABLE II 
AGGLUTINATION OF POTATO EXTRACTS BY ANTISERA FOR C. sepedonicum* a 
Antiserum 

Antigen CS850 P40 

Tuber, heavily infected ++44+ 
“moderately “ ++ 

“ “ “ ++ ox 

“ “ “ ++ 
“very lightly “ + 
“uninfected a 

“ “ 
Plant, infected ++ an 
“uninfected - an 


*— = No agglutination; + discernible; ++ moderate; +++ strong; +++-+ complete. 
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Erwinia carotovora, a species frequently found in infected potato tubers in 
association with bacterial ring rot or black leg, was not affected by either serum. 

Tubers with varying degrees of bacterial ring rot, and a diseased, wilted 
plant grown from an artificially infected potato tuber were also tested. Several 
milliliters of potato extract were removed from the brownish vascular ring 
and a small amount of fluid was expressed from leaves and stems of both 
diseased and healthy potato plants. These extracts were centrifuged lightly 
to remove floccules of tissue and used as antigens against CS850 and P40 
antisera with results as presented in Table II. It will be observed that four 
potato samples with moderate to heavy infection and extracts of an infected 
plant gave distinct agglutination with CS850 antiserum. A very young 
tuber from an infected plant and with a barely perceptible ring also gave a 
positive test with this antiserum whereas healthy tissue gave uniformly 
negative results. The antiserum from P40 failed to agglutinate any of the 
extracts. 


Discussion 


In commenting on the diagnosis of bacterial ring rot, Burkholder (3) 
pointed out that ‘‘any one test is not sufficient”. Two methods have been 
outlined in the preceding pages which, when combined with the direct micro- 
scopical examination for the Gram reaction and the morphology of the 
pathogen, and possibly with examination of infected material under ultraviolet 
light, should go far to eliminate chances for error and incorrect diagnosis. 
The first procedure is based on a preincubation of the infected material on a 
suitable medium to permit a build-up of the desired organisms, a prerequisite 
found necessary also in phage diagnosis of internally infected seed (10, 18). 
The second test, utilizing a serological method, is much more direct and rapid, 
and requires little more time than direct microscopic examination. The 
necessary antiserum can be prepared in bulk in one laboratory and distributed 
in a preservative (merthiolate) which appears to have no adverse effect on the 
antibodies in the serum. It may be noted in Table I that culture CS850 
produced antibodies which agglutinated all of the C. sepedonicum strains tested 
whereas antiserum of culture P40 was considerably more strain-selective. It 
was possible to remove this specific antibody from CS850 antiserum by mixing 
this material with a heavy suspension of P40 cells and centrifuging. This 
suggests that culture CS850 produces two antibodies and, therefore, does not 
act as a single antigenic entity. However since it appears to be more specific 
than culture P40 it would be the organism of choice in preparing bulk anti- 
serum for diagnosis of bacterial ring rot. It is conceivable that previous 
attempts to develop a satisfactory serological method (3, 17) failed because of 
the use of an unsuitable strain (such as P40) for antiserum production. Further 
tests on the general applicability of this and the cultural—-microscopic method 
are in progress. The possible use of the serological method to detect ring rot 
in the field, as suggested by Bradley (1) for potato virus, is being considered. 
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ON THE MECHANISM OF INDOLEACETIC ACID OXIDATION 
BY WHEAT LEAF ENZYMES! 


By E. R. WayGoop,? ANN Oaks,? AND G. A. MACLACHLAN* 


Abstract 


Partially purified enzyme preparations of wheat leaves oxidize indoleacetic 
acid completely in the presence of manganese and a monohydroxyphenol or 
resorcinol. A characteristic feature of the oxygen uptake is an induction period 
followed by a rapid oxygen uptake which ceases when 1 mole of oxygen is 
consumed per mole indoleacetic acid added. One mole of carbon dioxide is 
evolved per mole indoleacetic acid. There is no lag in carbon dioxide evolution, 
but it is not given off anaerobically. Oxygen, blue light, and acetaldehyde 
overcome the induction period. Hydrogen peroxide formed in a final aerobic 
dehydrogenase step is utilized to provide a source of manganic ions which act as 
an electron acceptor in an initial oxidative step. 


A complex oxidase system that degrades indole-3-acetic acid to an inactive 
compound has been demonstrated in etiolated pea epicotyls (20, 21), bean 
roots (22), pineapple tissue (12), and in extracts from fungal cultures of 
Omphalia flavida (19) and Cladosporium herbarum (23). 


Attempts to clarify the physiological mechanism of the oxidation have 
been made by several investigators (3, 4, 5, 6, 7, 9, 14, 19, 22) and much of 
their experimental data have suggested that a light-activated flavoprotein, 
hydrogen peroxide and peroxidase, manganese, and other unknown factors 
participate in the reaction. However, neither the reaction sequence nor the 
intermediates and end product have been demonstrated satisfactorily. 


Wagenknecht and Burris (22) first demonstrated a partial to complete 
reactivation by manganous ions of their inactive dialyzed enzyme preparations 
from pea shoots and bean roots in orthophosphate buffer. Magnesium, 
cupric, zinc, and ferric ions would not substitute (22). 


On the other hand Galston and Baker (5) identified the manganous ion as a 
photolabile inhibitor present in their crude enzyme preparations made up 
in orthophosphate-citrate buffer. This effect of manganous ions suggested 
to them the possibility of intervention by what we will refer to hereafter as 
the Kenten-Mann system whereby manganous ions are oxidized to the 
manganic species via a phenol—peroxidase—hydrogen peroxide system (15, 16). 

Doubts as to the participation of manganese in indoleacetic acid oxidation 
were raised when it was shown (6, 7, 9, 10) that horseradish peroxidase prepara- 
tions catalyze the oxidation of indoleacetic acid in the absence of added 
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hydrogen peroxide and manganese. These and related systems were stimu- 
lated by light, hydrogen peroxide, and 2,4-dichlorophenol as well as being 
photoreversibly inhibited by catalase and manganese. No obvious manganese 
requirement for indoleacetic acid oxidation has been shown by Ray and 
Thimann (18, 19) using enzymes prepared from Omphalia flavida. Although 
Kenten (14) investigated the problem of manganese stimulation and demon- 
strated it with bean root extracts that oxidize indoleacetic acid, he considered 
the mechanism of its action to be obscure and not essential. 


Goldacre (9) has speculated that the pathway of indoleacetic acid oxidation 
involves a primary oxygen-requiring step producing indoleglycolic acid and 
hydrogen peroxide. Ina secondary reaction the products of the primary step 
react to form indoleglyoxylic acid which decarboxylates in a third step to 
indolealdehyde. Goldacre’s theory would allow for the peroxide-producing 
light-activated flavoprotein of Galston (4) catalyzing the first step, followed 
by a peroxidation and a decarboxylation. Using the sensitive scopoletin test 
(2) for hydrogen peroxide, Andreae and Andreae (3) have suitably demons- 
strated hydrogen peroxide production during the oxidative breakdown of 
indoleacetic acid. The participation of peroxidase and hydrogen peroxide 
appears to be essential and the adaptive formation of peroxidase by indole- 
acetic acid im vivo has been investigated by Galston and Dalberg (8). 


Since manganese is not obviously essential in artificially reconstituted 
systems using orthophosphate-citrate buffers, any mediation by the Kenten- 
Mann system appears to have been temporarily abandoned. Nevertheless, 
there is no doubt that manganese effectively and specifically accelerated the 
breakdown of indoleacetic acid and concomitant oxygen uptake by dialyzed 
pea shoot (22), bean root (14, 22), and pineapple (12) extracts in ortho- 
phosphate. This was also true of our dialyzed wheat leaf extracts in 
orthophosphate at pH 6.0. 


Any theory involving a direct hydrogen peroxide requirement in the reaction 
sequence of indoleacetic acid oxidation must necessarily negate the possibility 
of participation in electron transfer by the Kenten—Mann system. However, 
there is the probability that the Kenten—Mann system could be responsible 
indirectly for the hydrogen peroxide requirement of indoleacetic acid oxidation 
by providing a suitable electron acceptor in the form of manganic ions. 
Hochster and Quastel (13) have shown that manganese dioxide can act as a 
terminal electron acceptor for in vitro biological systems. 


The following summarizes the evidence in favor of the hypothesis that 
manganese functions as an electron carrier in the oxidative breakdown of 
indoleacetic acid. 


The course of the reaction catalyzed by wheat leaf enzymes was followed by 
measuring oxygen uptake and carbon dioxide evolution in Warburg respiro- 
meters at 28.6°C. The destruction of indoleacetic acid was also determined 
by a modified Salkowski method (11). 
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Complete oxidation of indoleacetic acid (i.e. within 2% of the oxygen value, 
and 4% of the Salkowski color) was only attained when manganese and an 
appropriate Kenten—Mann phenolic compound (usually resorcinol in our 
experiments) were present in the reaction system. 

The reaction proceeds in the dark, but a significant and important feature 
of the progress curve of oxygen uptake is an induction period lasting for at 
least 10 min. at 28°C. This is followed by a rapid oxygen uptake which ceases 
when all of the indoleacetic acid added (usually 6.6 uM.) has been destroyed 
(after ca. 100 min.) and the equivalent of 1 mole of oxygen is consumed per 
mole of indoleacetic acid. Manganese is essential and is markedly effective 
at a concentration of 10-? M. Resorcinol or a monohydroxyphenol is essential 
for the complete oxidation of indoleacetic acid. In contrast to oxygen con- 
sumption carbon dioxide is evolved without any lag period and attains an 
equivalence of 1 mole of carbon dioxide per mole of indoleacetic acid 
destroyed. Little, if any, carbon dioxide is released anaerobically. 


The induction period can be halved by synthetic manganese dioxide. It 
is completely overcome by replacing air with an oxygen atmosphere; or by 
white and blue, but not red light, all at 60 ft.-c.; or by a hydrogen peroxide- 
producing acetaldehyde—aldehyde oxidase system. Citrate and pyrophosphate 
which chelate manganic ions completely inhibit this indoleacetic acid oxidase 
system. Catalase extends the induction period, probably in the same way 
as it prolongs the lag period which occurs in the oxidation of ketomalonate 
(16). Such properties indicate that the hydrogen peroxide requirement of 
indoleacetic acid oxidation is indirect in the production of essential manganic 
ions. 


The possibility that hydrogen peroxide per se can attack the molecule of 
indoleacetic acid directly in the im vitro primary reactions is certainly not 
excluded since, of the total indoleacetic acid added to wheat leaf preparations 
rapidly oxidizing acetaldehyde, 50% was destroyed in the absence of both 
manganese and resorcinol although 96-100% was destroyed in their presence 
(Table I). This is almost equalled (83%) by the addition of synthetic 
manganese dioxide and manganous ions together, but not separately, in the 
absence of resorcinol. In the latter case the over-all oxygen uptake due to 
indoleacetic acid was half of that in the presence of resorcinol since hydrogen 
peroxide is decomposed by manganese dioxide. This confirms that hydrogen 
peroxide is produced in the reaction and indicates that most probably the 
trivalent manganic ion is of prime importance in accepting electrons. 

This and other evidence that we have accumulated suggests that indoleacetic 
oxidation by dialyzed wheat extracts fortified with manganese and an 
appropriate phenol involves two initial reactions, one of which is an oxidation— 
reduction and the other a decarboxylation. In the oxidative reaction, 
electrons are transferred to manganic ions. A third oxygen-requiring step 
catalyzed by an aerobic dehydrogenase produces hydrogen peroxide and an 
unknown inactive indole compound. The Kenten—Mann system mediates 
the oxidation by utilizing hydrogen peroxide produced in the third step to 
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TABLE I 
FACTORS AFFECTING THE OXIDATIVE BREAKDOWN OF INDOLEACETIC ACID (IAA) 


System: Enzyme (0.20 mgm. protein N per 0.5 ml.); 150 uM. orthophosphate; 6.6 
uM. IAA; 3 uM. MnCh; 1.5 uM. resorcinol; 3.0 uM. MnO; 150 uM. pyrophosphate. 
Final volume 3.0 ml., pH 6.0. 

Enzyme: Generally, 10-day-old wheat leaves ground in a cold mortar and pressed 
through nylon; filtrate centrifuged for 30 min. at 23,000 g at 0° C.; supernatant dialyzed 
16-24 hr. against distilled water at 4° C. and insoluble material centrifuged off at 23,000 g 
for 30 min. Stored at —15°C. Intermittent freezing and thawing rendered visibly clear 
preparations retaining their activity for two or three weeks. 


IAA Oxygen equivalence 
Systems destroyed, % per mole IAA destroyed 
Without acetaldehyde, plus: 
No additions 0 
Mn*+* 40 1.0 
Resorcinol 0 — 
Mn** + resorcinol 95-100 1.0 
Mn** + resorcinol (anaerobic) 0 — 
Mn*+ + resorcinol (in pyrophosphate) 3 —_ 
2,4-dichlorophenol 66 1.0 
Mn** + 2,4-dichlorophenol 100 1.0 
With acetaldehyde’*, plus: 
No additions 46 0 
Mn*t+ 50 0 
Mn++ + resorcinol 96 1.0+ 
MnO, 49 0 
MnO, + 83 0.5t 
MnO, + Mnt* + resorcinol 90 0.5t 


* Volatilizing from sidearm of Warburg flask. 
+ Calculated from increased oxygen uptake owing to indoleacetic acid during steady state of 
acetaldehyde oxidation (within 5% error). 


oxidize the phenol to its oxidation product, which in turn oxidizes manganese 
thus providing a source of manganic ions for the first oxidative step. It is 
highly probable that the oxidation of dicarboxylic acids by peroxidase and 
manganese as shown by Kenten and Mann (16) is mediated by a similar 
mechanism. 

The induction period is considered to be the time interval required to build 
up a threshold concentration of manganic electron acceptor. Oxygen and 
blue light overcome the induction period by activating the aerobic dehydro- 
genase catalyzing the step producing hydrogen peroxide. Acetaldehyde over- 
comes this induction period by providing an immediately available source of 
hydrogen peroxide to oxidize manganese. Hydrogen peroxide can partially 
substitute for trivalent manganese but complete oxidation is only attained 
if these ions are present. 

We prefer not to attach physiological importance to the direct hydrogen 
peroxide destroying reaction, but would rather argue that the Kenten—Mann 
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system plays a physiological role in indoleacetic acid oxidation by producing 
manganic ions which are essential for the complete oxidation of indoleacetic 
acid in our im vitro reaction. Support for this argument is provided by the 
fact that Maclachlan and Waygood (17) have isolated a natural ether- 
soluble bluish white fluorescent substance from the dialyzing medium of our 
enzyme preparation. This substance is more effective than resorcinol in 
mediating the oxidation of manganese by hydrogen peroxide. 


It will also be of interest to determine how much of this reaction mechanism 
can be explained on the basis of the nonenzymic photoinduced oxidation of 
manganous ions reported by Andreae (1). 


This indoleacetic acid oxidase system or modifications thereof may prove to 
be a useful method for determining whether some chemical preparations have 
antibiotic or herbicidal properties. For example, the commercial preparation 
of the antibiotic streptomycin known as “‘Agristrep-27%"’ (Merck & Co.) 
completely inhibits the reaction, whereas the commercial preparation of the 
herbicide maleic hydrazide (M.H.-40, Naugatuck Chemical Co.) substitutes 
for resorcinol in this system and mediates the oxidation of indoleacetic acid. 
Both of these effects are consistent with the known responses of plants towards 
these growth regulating preparations. 


The complete experimental work upon which our hypothesis is based will 
be presented in detail in papers soon to be submitted to this Journal. 
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SOME ASPECTS OF MONOSOMIC WHEAT BREEDING! 
By CLAYTON PERSON? 


Abstract 


Meiotic chromosome behavior was described for a group of monosomic plants, 
including representatives of the F; and the first to seventh backcross generations. 
All plants were partially asynaptic. Rings-of-four were commonly seen in F, 
and early backcross generations. Irregularities occurring among the progenies 
of monosomics were also described. These included monosomic plants which, 
through a process termed univalent-shift, were deficient for chromosomes other 
than those deficient in their respective monosomic parents. It was concluded 
that the irregular karyotypes occur as a consequence of partial asynapsis in the 
parent monosomics. 


Introduction 


In establishing new monosomic lines from those already existing, or in 
using established monosomic lines to effect the transfer of single chromosomes 
from one wheat variety to another, it is necessary to hybridize monosomic 
plants of one variety to normals of the other and to carry out a series of 
backcrosses to one of the parent lines. Cytological studies are required at 
each generation in order to identify positively those members of the progenies 
that are monosomic and that will serve as parents for the next backcross 
generation. Past studies have shown that, in addition to normal and mono- 
somic plants, the progenies often contain plants with telocentric chromosomes 
or isochromosomes, or with structural changes or other chromosomal irregu- 
larities (1, 2,3). Within the chromosome complement of wheat there is not a 
great deal of variation in chromosome size; the chromosomes also are all more 
or less isobrachial; it is usually not possible, therefore, to distinguish one 
monosomic line from another from the appearance of the univalent seen at 
meiotic metaphase. However chromosome X of the variety Timstein is 
satellited, and in plants having this chromsome as a univalent the satellite is 
readily distinguishable at meiotic metaphase. In the process of transferring 
this chromosome from Timstein to the variety Thatcher, two of the backcross 
progenies contained single plants in which the univalent seen at meiotic 
metaphase was not satellited. There seemed little likelihood that the 
chromosome had been modified through crossing over since, theoretically, this 
chromosome had had no synaptic mate. It seemed more probable that these 
two plants were deficient for some chromosome other than chromosome X. 
Further, in the Thatcher line monosomic for chromosome IX the plants 
deficient for this chromosome are taller, later maturing, and speltoid. Yet a 
monosomic plant in this line was positively identified which at maturity 

1 Manuscript received April 12, 1955. 
Contribution from the oy sonora of Plant Science, University of Alberta, Edmonton, 
Alberta, and from the Institute of Genetics, University of Lund, Sweden. This study was financed 
| we under an Extramural Research Grant from the Experimental Farms Service, Canada 


epartment of Agriculture, and partly under a National Research Council of Canada Postdoctoral 
Overseas Fellowship. 


2 Postdoctoral Fellow, Institute of Genetics, University of Lund, Sweden. 


> 
| 
| 
‘on 
Ag 


PERSON: MONOSOMIC WHEAT BREEDING 61 


showed the normal non-speltoid phenotype. This again is understandable if 
the missing chromosome is one other than chromosome IX. There is, thus, 
both morphological and cytological evidence to indicate that through some 
process — here termed “‘univalent-shift’’— monosomic plants may not always 
be deficient for the same chromosome that was deficient in the monosomic 
parent. The present study is concerned with the mechanism of univalent- 
shift and the occurrence of other cytological irregularities found among the 
progenies of wheat monosomics. 


Materials and Methods 


The monosomic wheat lines originally established by Sears (1, 2) in 
Triticum aestivum L. var. Chinese Spring have been used in the development 
of monosomic stocks in the varieties Thatcher and Lemhi by Unrau (3, and 
unpublished). Certain of these derived monosomic lines have been employed 
by the author in order to effect the transfer of single chromosomes from other 
varieties to Thatcher and Lemhi. In the cytological identification of the 
individual members of the various monosomic progenies it was found that the 
presence of a univalent away from the metaphase group, or of micronuclei in 
the tetrads, could not be taken as a reliable indication that a plant was 
monosomic. For this reason the contents of an entire anther, after staining in 
acetocarmine, were squashed under a cover slip until cells were found in which 
the entire chromosome complement was countable at first meiotic metaphase. 
For a conclusive identification of the individual members of a monosomic 
progeny a minimum of three such countable cells was considered desirable. 
Many of the cytological preparations that had been thus used in the 
identification of monosomic plants had been mounted permanently in 
Euparal and were therefore available for study when this investigation was 
begun. Permanent slides of positively-identified monosomics were used in 
recording the frequencies of univalents at meiotic metaphase in monosomic 
cells. In most of these cells the entire chromosome complement was not 
countable, but because the univalents tend to be situated free from the 
metaphase group, and only rarely are both unassociated members of a 
bivalent located within the metaphase group, it is considered that the numbers 
of univalents were counted fairly accurately with the error, if any, tending to 
underestimate rather than to overestimate the numbers of univalents present. 


Results 


I. Cytological Observations on Monosomic Plants 

All observations reported in this section are confined to conclusively- 
identified monosomic plants, in which accurate chromosome counts had been 
made in at least three, and usually many more meiotic cells. 

The most striking feature observed in monosomic plants was the occurrence 
of more than one univalent at meiotic metaphase. Frequently the members 
of one chromosome pair were not associated, giving 19 bivalents and three 
univalents rather than 20 and one. Cells with five, seven, and up to nine 
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univalents, with the numbers of bivalents correspondingly reduced, were also 
seen, though less frequently. The term ‘‘partially-asynaptic’’ has previously 
been used to describe meiotic cells in which the metaphase pairing is in- 
complete, and it is convenient to use the same term here, even though there 
is a possibility that in many of the cells the univalent pairs have been associated 
during prophase, and at metaphase are, more correctly, partially desynaptic. 
Figs. 1, 2, and 5 are of cells with 20 bivalents and one univalent. Cells 
such as these, with the chromosomes easily countable, were used in the 
identification of monosomic plants. Figs. 3, 8, 9, 12-14 are of partially- 
asynaptic cells from positively-identified monosomic plants and are repre- 
sentative of those used in recording univalent frequencies. There are three 
univalents in Figs. 3, 12, and 14, five in Fig. 13, and seven in Fig. 9. 


The frequencies of normal and asynaptic cells, in those monosomics for 
which slides were available, are given in Table I. For the monosomics of the 
five F, progenies that were studied it may be seen that the percentage of total 
cells showing partial-asynapsis is different for different F; progenies, and that 
on the average about one cell in three showed partial asynapsis. It can also 
be seen, from the data on backcross progenies, that there was a decrease in the 
percentage of asynaptic cells with each generation of backcrossing. The data 
include the first four generations in the establishment of a Lemhi line deficient 
for chromosome XX, and the fourth to the seventh backcross generations in 
the establishment of a Thatcher line deficient for chromosome X. The 
progressive reduction in asynapsis which accompanies backcrossing may be 
traced in each of these individual lines. The data for the fifth backcross 
generation are also interesting in that all seven progenies result from the same 
initial cross, monosomic Chinese Spring X normal Thatcher, and in all, five 
backcrosses to normal Thatcher have been completed; the lines are, of course, 
deficient for seven different chromosomes. 


A second feature observed in the monosomics studied, also most prominently 
in F, hybrids, was the presence of reciprocal translocations at meiosis. All 
F, hybrids reported in Table I, with the exception of Chinese Spring X Lemhi, 
showed a ring-of-four at meiosis. A ring-of-four may be seen in Fig. 14 and 
another at the extreme right in Fig. 8. By selecting first backcross mono- 
somics without rings-of-four as parents for the following generation it was 
possible in some cases to eliminate the ring-of-four in one backcross generation, 
but the same procedure in other lines served merely to reconstitute the ring-of- 
four. In one instance, the establishment of a Thatcher line deficient for 
chromosome X, a ring-of-four persisted to the sixth backcross generation. 
The monosomic of this progeny which was heterozygous for the reciprocal- 
translocation showed partial-asynapsis in a greater proportion of its meiotic 
cells than did a monosomic sibling in which ring-of-four was absent, as may be 
seen in Table I. 


At anaphase in the monosomics studied there was often more than one 
dividing univalent at the equatorial plate, and misdivision was frequently 
observed. Four dividing univalents may be seen in Fig. 18, and in two of the 
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eight chromatids, misdivision can also be observed; it may be assumed that 
a fifth univalent, undoubtedly present at metaphase, has moved to one of the 
polar groups. In the cell shown in Fig. 19 five univalents have divided at the 
equatorial plate, and in that shown in Fig. 20 the chromosome distribution is 
19 and 22, rather than 20 and 21, a situation that requires at least three 
randomly-moving univalents. Anaphase irregularities such as these were also 
observed most frequently in monosomics of the Fi; and early backcross 
generations. 


II. Cytological Observations on Non-monosomic Plants 

With monosomics as female and disomics as male parents the progenies 
obtained consisted largely (ca. 65%) of monosomic plants. Most of the 
remainder were disomic. It is the few that were neither disomic nor monosomic 
that will be considered in this section. 

Three plants were found, each with 40 chromosomes, in which at least two 
univalents were present in every meiotic cell. More than 200 metaphase 
cells were examined in each of these plants and not one cell showed complete 
pairing. Although meiotic cells in these plants contained usually only two 
univalents there were often more, as may be seen in the cell shown in Fig. 4, 
in which 10 univalents and 15 bivalents were counted. It is considered that 
the pairs of univalents that consistently fail to form bivalents in these plants 
are not homologous, that is, that each of these plants is deficient for two 
different chromosomes, or doubly monosomic. 

Four plants were found, each possessing 42 chromosomes, in which either 
19 bivalents, a trivalent and a univalent, or 20 bivalents and two univalents 
were seen at meiotic metaphase. One of these was found in the progeny of a 
plant monosomic for chromosome X of Thatcher which, like chromosome X 
of Timstein, is satellited. In meiotic cells of this plant containing 20 bivalents 
and two univalents, the satellited univalent was clearly distinguishable from 
the other, which was not satellited (see Fig. 11). Since these two univalents 
differ morphologically, and have never been seen to form a bivalent, it is 
considered that they are not homologous. The non-satellited chromosome, 
however, is capable of entering into a trivalent assocation; the other is always 
unpaired. It is most probable that this and the other plants in the group are 
deficient for one chromosome and trisomic for another. 

Four 43-chromosome plants were found in which either 20 bivalents and a 
trivalent (Figs. 15, 16) or 21 bivalents and a univalent (Figs. 7, 10) were seen 
at meiotic metaphase, in approximately equal frequencies. The plants of this 
group are therefore trisomic. The cells shown in Figs. 7 and 10 are from the 
same plant; it may be clearly seen that the univalent in these cells is satellited. 
Since this plant appeared in the progeny of a Thatcher monosomic whose 
univalent was not satellited, it is probably trisomic for some chromosome 
other than that which was deficient in the monosomic parent. 

Plants with telocentric chromosomes, or with isochromosomes, were also 
frequently found in the progenies of monosomics. Fig. 6 shows a cell from a 
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plant possessing 20 bivalents, one normal univalent and one isochromosome. 
Another plant, in which two isochromosomes were found (Fig. 17), probably 
arose through selfing in a monosomic with an undetected isochromosome. 

In monosomic wheat breeding there is usually not sufficient time between 
microsporogenesis and anthesis to allow for complete cytological analyses of 
all plants that are encountered; the temporary acetocarmine preparations are 
often discarded as soon as it is definitely known that a plant is mot monosomic, 
or if for some other reason it is considered unsuitable as a parent for the 
generation to follow. Table II presents the observational data for the few 
progenies in which the karyotypes of all plants were determined. The data 
deal with the establishment of two monosomic lines, one for chromosome 
X and the other for chromosome XX, in each of the varieties Lemhi and 
Thatcher, and with the transfer to these monosomic lines of chromosome X of 
Timstein and chromosome XX of the variety McMurachy. It will be seen 
that for this limited material approximately 61% of the plants were 
monosomic, 37% disomic, and that the remaining 2% comprised plants that 
were neither monosomic nor disomic. Among the monosomics and disomics 
were found plants with rings-of-four (chiefly in F; hybrids) and with telocentric 
or isochromosomes. Among the monosomics there was one instance of 
univalent-shift, and another in which a chain of five chromosomes was 
occasionally seen. The remainder, those plants that were neither monosomic 
nor disomic, comprised plants with karyotypes of the kind described in the 
preceding paragraphs. The total population is too small to allow for a 
reliable estimate of the frequencies of the various irregular karyotypes. 


Discussion 


Certain of the original monosomic wheat lines in the variety Chinese Spring 
were derived from plants nullisomic for chromosome III (1). Sears took 
advantage of the fact that these partially-asynaptic plants were capable of 
producing gametes and offspring that were deficient for chromosomes other 
than chromosome III. The data in Table I show that all the monosomic 
plants studied were also to some degree asynaptic. There is, therefore, 
opportunity in monosomics for the same process to occur, especially in 
monosomics of the F; and early backcross generations where partial-asynapsis 
is greatest. The majority of partially-asynaptic cells in monosomic plants 
contain three univalents. If these are labelled a (the chromosome for which 
the plant is monosomic) and }b, 6 (the two chromosomes which should 
normally form a bivalent), the presence of the three univalents may lead 
to the formation of six kinds of gametes, in those meiotic cells in which 
univalent distribution is random. These, when combined with normal 
gametes, will in turn lead to the formation of six kinds of offspring, as 
shown in Table III. Cells with 19-22 anaphase distribution, from which 
gametes appropriate to the formation of 40- and 43-chromosome offspring 
may be expected, have been occasionally observed (Fig. 20). Additionally all 
the six kinds of progeny expected from random distribution of three univalents 
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GAMETES AND OFFSPRING EXPECTED FROM THOSE MONOSOMIC CELLS CONTAINING THREE 
UNIVALENTS IN WHICH UNIVALENT DISTRIBUTION IS RANDOM 


Offspring 
No. 
Gametes Karyotype chromosomes 

19; deficient a and b 19 II + a@ + 06; doubly monosomic 40 
19 + a; deficient b 19 II + aa + 0b; univalent-shift 41 
19 + 0b; deficient a 19 II + a@ + 6b; normal monosomic 41 
19 + a + 5b; normal 19 II + aa + 6b; disomic 42 
19 + b + b; def. a, dup. b 19 II + a + bbb; univ. and trivalent 42 
19 ++ a+ 6 + bd; dup. db 19 II + aa + bbb; trisomic 43 


in this group of cells have actually been recovered among the progenies of 
monosomics (cf. Table II). Those cells containing five or more univalents 
should also be capable of giving rise to these and to additional irregularities 
(though less frequently), but none so far has been recovered which cannot as 
well be attributed to the group of cells in which only three univalents are 
present. That the univalents in partially-asynaptic cells may, in some cases 
at least, move independently to the poles is demonstrated by the occasional 
observation of 19-22 distributions at anaphase. This, plus the recovery of 
all the offspring expected on the basis of random distribution is sufficient to 
justify the conclusion that the irregular karyotypes occur as a direct 
consequence of partial-asynapsis. It may be concluded, therefore, that the 
occurrence of monosomic offspring that are not deficient for the same chromo- 
some that was deficient in the monosomic parent (univalent-shift) is also 
directly traceable to partial-asynapsis. 

The probability that univalent-shift will occur should depend on the extent 
of partial-asynapsis in the monosomic parent; it should be greater in early 
backcross generations than in later ones. In maintaining established mono- 
somic lines, where asynapsis has been reduced through backcrossing, and 
particularly in the original lines established by Sears, where no intervarietal 
cross was made, the probability of univalent-shift occurring is minimal. But 
in using monosomic lines of any origin in order to locate genetic factors by 
studying segregations after a cross to another variety has been made, the 
opportunity for univalent-shift, and for the production of other irregularities, 
is again introduced. 

In establishing new monosomic lines or in using established lines in order 
to effect the transfer of single chromosomes from one variety to another, the 
routine cytological analyses should reveal those plants with too few or too 
many chromosomes, with trivalents, or with telocentric chromosomes or 
isochromosomes. These constitute no hazard to the success of the breeding 
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work; they may be discarded from the program. But, except in those cases 
where a monosomic is identifiable either by the morphology of the univalent 
or of the plant itself, univalent-shift is likely to go undetected. It may thus 
be desirable, at some suitable stage in the backcross program, to test in order 
to determine if univalent-shift has occurred. The derived monosomic may 
be crossed to the original, and if univalent-shift has occurred the 40-chromo- 
some offspring will be doubly-monosomic, with 19 bivalents and two univalents 
at meiotic metaphase; if not, they will be nullisomic, capable of forming 20 
bivalents at meiosis. 


Sears has briefly outlined the conditions that are encountered, both in 
establishing new monosomic lines and in transferring individual chromosomes 
from one variety to another, when the two varieties concerned differ by a 
reciprocal translocation (2). For 19 of the possible 21 lines the F; monosomics 
will form 18 bivalents, a ring-of-four and a univalent at meiosis; for the 
remaining two lines a chromosome which would normally be a member of the 
translocation complex is absent, and F, monosomics in these lines form 19 
bivalents and a chain-of-three at meiosis. Whether it is a chromosome 
deficiency (i.e. the monosomic condition) or a whole chromosome that is being 
transferred the chains-of-three in these two recipient lines persist throughout 
the backcross series, and the chromosome arrangements of the lines, when 
ultimately derived, are different than that of the 19 sister lines (cf. Sears (2) ). 

Until they are eliminated through backcrossing the rings-of-four that are 
present in the 19 lines will contribute to the total frequency of partial-asynapsis 
and the consequent production of irregularities among the offspring. In the 
two remaining lines the persisting chains-of-three may be advantageously 
used as criteria for the correct identification of monosomic plants, generation 
after generation. The presence of chains-of-three in these derived lines can, 
in special cases, lead to rather special conditions. For example, the Thatcher 
line deficient for chromosome X used in this study, having been derived from 
that of Chinese Spring, has the chromosome arrangement of Chinese Spring. 
The project included the transfer to this derived Thatcher line chromosome X 
from another variety which, like Chinese Spring, also forms a ring-of-four when 
crossed to Thatcher. It may be expected that F, monosomics of this cross will 
form either 17 bivalents, a ring-of-four and a chain-of-three, or 18 bivalents 
and a chain-of-five, depending on whether or not there is a chromosome 
common to the two translocations that are brought together in the hybrid. 
If a chain-of-five is found, this also must be carried along throughout the 
backcross series. Rings-of-four occur fairly commonly among intervarietal 
wheat hybrids, and since the chromosome arrangement of the donor variety 
is imposed on the recipient, whether it is a whole chromosome or a chromosome 
deficiency that is being transferred, it is possible that the continued accumu- 
lation of chromosome complexes may in certain instances set a limit to the 
number of successive manipulations that may be carried out within any one 
variety. This problem and a possible solution to it will be outlined further 
in a future publication. 
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Backcross Generation 
Fic. 21. The upper curve (open circles) represents the theoretical recovery of 
homozygosity with continued backcrossing to a recurring parent line. The lower curve 
(closed circles) shows the frequencies of normal (non-asynaptic) cells observed in mono- 


somics; this curve is extended to meet with the horizontal line (upper right) representing 
the 97% non-asynaptic cells characteristic of normal Thatcher. 


After six backcrosses to a recurring parent a wheat line, originally hybrid, 
is commonly considered to be homozygous, or nearly so, with more than 99% 
of the independently segregating gene pairs, for which the series was initially 
heterozygous, having been brought to homozygosity. This theoretical 
recovery of homozygosity, as well as the observed approach to normality in 
meiotic chromosome behavior (derived from data of Table I), are shown 
graphically in Fig. 21. Also, from data collected over several generations it 
is known that the frequency of normal (non-asynaptic) cells in the Thatcher 
line being used as a backcross parent is 97%, being somewhat higher under 
field conditions than in the greenhouse. If it is expected that this value of 
97% will be approached in monosomics of those lines in which the missing 
chromosome has no effect on synapsis it can be estimated by linear extra- 
polation that normal meiotic behavior will be recovered in these lines after the 
10th backcross (Fig. 21). This estimate is open to severe criticism: the data 
supporting the curve for the recovery of normal meiotic behavior are not 
adequately representative, and the ultimate value of 97%, taken from 
disomics, may not be realized in monosomics. In spite of such criticism, an 
examination of this curve, particularly of the early backcross generations 
where the data are more representative, shows clearly that the pattern of 
observed meiotic recovery is different than that for the theoretical recovery 
of the genotype. After the first backcross the curve for the recovery of 
normal meiotic chromosome behavior appears to be linear. With respect to 
the relative times at which these two processes reach their maximal values 
there are clearly only three possibilities: normal meiotic behavior may be 
recovered before, after, or simultaneously with the recovery of genetic 
homozygosity. But since chromosome pairing and chiasma formation are 
considered prerequisite to crossing over and gene exchange it seems probable 
that the recovery of normal meiotic behavior should precede rather than 
follow the recovery of the normal genetic condition. If this is true the 
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data of Fig. 21 suggest that the recovery of homozygosity will take at least 
ten and, if the curve for meiotic recovery should level off before reaching its 
maximum value, possibly more generations of backcrossing. The validity 
of this estimate cannot be assessed until the relationships between the observed 
recovery of normal meiotic chromosome behavior and the actual recovery of 
genetic homozygosity are better understood. 


Summary 


(i) This study introduces the term “univalent-shift’’ to describe the 
process by which a monosomic plant occasionally produces offspring deficient 
for a chromosome other than that deficient in the parent. The study itself 
was concerned with the mechanism of univalent-shift and the occurrence of 
other cytological irregularities among the offspring of monosomics. 

(ii) Every monosomic plant studied was partially asynaptic. The 
frequency of meiotic cells containing three or more univalents was highest in 
F, hybrids, where an average of 35.8% was observed, and decreased more or 
less linearly with continued backcrossing to the low of 7.6% observed in the 
single line in which seven backcrosses had been completed. 

(iii) Rings-of-four were also observed in monosomics, most commonly in 
the F, and early backcross generations. 

(iv) The progenies of monosomics were composed largely of plants that 
were either monosomic or disomic. Among the remainder the following were 
found: 40-chromosome plants, deficient for two different chromosomes 
(doubly monosomic); 42-chromosome plants, trivalent for one chromosome 
and deficient for another; and 43-chromosome, trisomic plants. 

(v) It was shown that these irregularities, and univalent-shift, may all 
occur as a direct result of random distribution of unpaired meiotic 
chromosomes in the partially-asynaptic monosomic parent plants. 

(vi) Certain practical applications of these results were discussed. 
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NATURAL HYBRIDIZATION BETWEEN CARDUUS 
ACANTHOIDES AND CARDUUS NUTANS IN 
ONTARIO! 


By R. J. Moore Anp G. A. MULLIGAN? 


Abstract 


A survey was made of the occurrence of natural hybrids between two species 
of introduced thistles, Carduus acanthoides L. var. acanthoides and C. nutans L. 
var. nutans, in Grey County, Ontario. The population of one field was studied 
in detail. Specimens were taken and their morphological variation was evaluated 
by means of a hybrid index. These species have different chromosome numbers: 
C. acanthoides L., 2n = 22; C. nutans L., 2n = 16. All the intervening numbers 
were found in the hybrids. There is a clear correlation between chromosome 
number and hybrid index: plants with the chromosome number of a first genera- 
tion hybrid have an index intermediate between those of the parental species. 
The chromosome numbers of seedlings raised from seed collected from hybrid 
plants were determined. It was found that seedlings with the number 2n = 22 
were much more frequent than those with other numbers. It is suggested that 
both ecological and gametic selection are acting in this area to favor production 
and survival of plants with the chromosome number and morphology of C. 
acanthoides. 


Introduction 


Two thistles of European origin, Carduus acanthoides L. var. acanthoides 
and C. nutans L. var. nutans, have become fairly widespread in Canada. The 
former species is found in Nova Scotia, Quebec, Southern Ontario, and British 
Columbia; C. nutans occurs in Newfoundland, New Brunswick, Quebec, and 
Southern Ontario. The taxonomy, ecology, distribution, and importance of 
the species of Carduus introduced into Canada have been discussed by Mulligan 
and Frankton (5). 

Carduus acanthoides and C. nutans are most abundant in rough pastures of 
Southern Ontario. In Grey County, Ontario, the two species often occur 
together in the same pasture and it appears that hybridization has been taking 
place for a number of years. This is, so far as known, the first instance of 
hybridization between these species in the New World. However, interspecific 
Carduus hybrids are common in Europe. The hybrid C. acanthoides L. X C. 
nutans L. is listed by Focke (3) as occurring in various forms between the 
ranges of the parental species in Germany, Austria, and Hungary. The 
hybrid was described as C. orthocephalus Wallr. “Ten other interspecific 
Carduus hybrids are listed by Focke. Hegi (4) mentions 19 interspecific 
Carduus hybrids, among them the hybrid here under consideration. 


Methods 


Hybridization was noted in three locations in Grey County during a weed 
survey in 1951. In July, 1952, a more intensive survey of the area was made 
and representative specimens were taken. The known locations of both 

1 Manuscript received August 23, 1955. 
Contribution No. 1484, Botany and Plant Pathology Division, Science Service, Canada 
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species and of their putative hybrids as found on the survey are shown in 
Fig. 1. Time did not permit an attempt to locate all the stands in the county; 
doubtless more stands of both species and of the hybrids exist. 

A detailed study was made of the Carduus population of part of one pasture 
field located one mile east of Priceville, Conc. 1N, Artemisia Twp. (Fig. 2, 
insert). The study area, about 1700 sq. ft., was well isolated at the top of a 
hill at an elevation of 1600 ft. above sea level and about 50-75 ft. above the 
nearby road. A view of this hill is shown in Fig. 3. The top of the hill has 
no tree cover and very little grass cover. The soil is sandy loam, well-drained, 
and quite rocky in places. In association with the Carduus were Echium 
vulgare, Potentilla recta, Linaria vulgaris, Hypericum perforatum, Verbascum 
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Fic. 1. Map of Grey Co., showing distribution of 
C. acanthoides, C. nutans, and their hybrid. 
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Fic. 2. Map of hill near Priceville, Grey Co., on which study was made, showing 
distribution of plants collected and position of hill relative to Priceville (insert). 
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thapsus, Agropyron repens, Silene cucubalus, Erigeron strigosus, Phleum 
pratense, Salvia sylvestris (small patches), Achillea millefolium (rare), and 
Cirsium arvense (rare). 

The study area contained abundant hybrid plants and, as well, plants which 
appeared to approach closely to the parental species. This area was mapped 
and the position of the 26 plants selected for study was indicated (Fig. 2). 
Photographs were taken of most of the plants and notes were made in the 
field on the height of the plant, number of flower heads, and diameter of the 
primary head. A portion or all of the plant was then collected as an herbarium 
specimen. These specimens are preserved in the Herbarium of the Botany 
and Plant Pathology Division, Science Service, Canada Department of Agri- 
culture, Ottawa. 


Small florets were fixed in Carnoy’s fluid (absolute ethanol 3: glacial acetic 
acid 1) in an attempt to fix meiotic or, failing these, mitotic divisions. Anthers 
were collected in dry vials for pollen counts. The pollen grains were later 
stained in cotton blue in lactophenol and a sample of approximately 200 grains 
from each plant was examined. The darkly-stained grains were counted as 
viable. The total number of florets in the primary head and the number of 
apparently normal seed were counted and the percentage of good seed set by 
each plant was calculated. 


The florets preserved in Carnoy’s fluid were later squashed in acetocarmine 
stain in the usual manner. However, it was found that acetocarmine stained 
both meiotic and mitotic chromosomes very weakly and chlorazol black E 
(1% solution in 70% ethanol) was tried with much better results. The use 
of this stain has been described by Nebel (6). In the present case, one to two 
drops of the stain was added to the material while it was preserved in 70% 
ethanol and the tissue was allowed to stain overnight. The floret was later 
dissected on a slide; any excess stain was washed off by 70% ethanol and the 
alcohol was replaced by 45% acetic acid. The mount was then heated and 
squashed. Meiosis was found in relatively few of the fixations but in a number 
of others it was possible to count the chromosomes in mitotic divisions. 

Mature seed was obtained from all but one of the specimens collected in the 
field near Priceville. This seed was sown in the greenhouse on November 25, 
1952, and most lots germinated well. A few lots, from plants which had set 
less than six apparently normal seed per head, did not germinate or the 
seedlings from them did not survive early growth. For these reasons, no 
progeny was obtained from plants Nos. 945, 1001, 1007, 1016. The chromo- 
some numbers of the seedlings that survived were determined. After about 
four months of growth in the greenhouse, the potted seedlings were set out- 
doors in a sheltered area near the greenhouse. At this time they had developed 
into rosettes 3-4 in. in diameter. The lower temperatures to which they 
were subjected during April and May arrested growth and seemed to send 
the seedlings into a state of dormancy similar to that which normally occurs 
in the autumn. It was noted that anthocyanin, probably an indication of 
winter rest, formed in the leaves of some of the plants. 
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Plants which had a somatic number other than 22 were then selected and 
transferred to outdoor plots on May 14, 1953. A few plants which had the 
somatic number 22 were also selected at random and planted out. Space 
limitations did not permit planting out the whole population. As the weather 
became warmer, rapid growth was resumed and some of the plants began to 
flower in mid-July. Others did not flower so early but by mid-September, 21 
of the 26 plants had flowered. Those which did not flower developed into 
very large rosettes but no sign of an inflorescence appeared. Usually both 
species are biennial in habit in nature. It is possible that in this case the 
abnormal dormancy during April and May may have promoted the flowering 
of such a high percentage of the plants. 

The development of these plants was followed. The percentage of viable 
pollen was determined, the description recorded and a herbarium specimen 
made from a portion of each plant. The hybrid index was calculated for each 
of these plants. These data are listed in Table II, together with some data 
on the seed parent of each plant. 


Hybrid Index 


The characters which distinguish the parental species are described in detail 
by Mulligan and Frankton (5). 


Carduus nutans L. var. nutans reaches 3 ft. in height; the flower heads are 
mostly 2.5—4 cm. broad, nodding and tending to be solitary. The stems are 
without spiny wings for some distance below the head. The phyllaries 
(involucral bracts) are sharply contracted near the base and there is no well- 
defined purple marking on the tips of the outer phyllaries. The outer phyllaries 
are reflexed and bear stiff spines. 

The plumeless thistle, C. acanthoides L. var. acanthoides, is usually taller, 
to 6 ft. in height. The flower heads are smaller, 1.5—-2.5 cm. in diameter, 
erect and tending to be clustered. The stems are spiny-winged up to the 
head. The phyllaries are linear, not contracted at the base, and bear a 
definite, usually purple marking on the tips of the outer phyllaries. The outer 
phyllaries are spreading and bear weak spines. 

A numerical value was assigned to each of a set of contrasting characters 
and each specimen was scored in a manner similar to that of Anderson (1). 
Qualitative characters were chosen, since as pointed out by Anderson, greater 
accuracy in constructing an index results from the use of such characters. 
The characters selected were, of course, those by which the two species are 
easily distinguished. Experience of several years has shown that these qualita- 
tive characters do not vary with the type of habitat or time of year, as do such 
quantitative characters as height of plant or size of flower heads and leaves. 
The numerical assessment is also based on personal experience. A low value 
was assigned to a set of characters when conditions intermediate between 
those of the parental species were lacking. A value of several points was used 
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when various levels of the character intermediate between those typical of the 
species could easily be recognized. The method of scoring was as follows: 


Head solitary 2 Heads clustered 0 
Heads nodding 4 Heads erect 0 
Peduncles not spiny-winged 4 Peduncles spiny-winged 0 
Phyllaries reflexed 4 Phyllaries spreading 0 
Phyllaries unmarked 1 Phyllaries marked 0 
Phyllaries contracted at the base 4 Phyllaries not contracted 0 


The sum of the score of each character of one plant is the hybrid index of 
the plant. When scored in this manner typical C. acanthoides has an index of 
0 and typical C. mutans has an index of 19 points. Hybrids would have inter- 
mediate values. First generation hybrids might be expected to have an index 
in the middle of the range, for example, 7-11; later generations or backcross 
hybrids might have an index approaching that of one of the parental species. 

For the 26 plants collected near Priceville, the hybrid index, the chromo- 
some number, and the percentage of apparently normal pollen and of seed set 
are listed in Table I. Only two of these plants (1000, 1009) appear to be 
typical of the parental species. Probably these also are hybrid, backcrossed 
for several generations. 

Typical plants of the parental species are shown in Figs. 4 and 5 and hybrid 
plants in Fig. 6. In Fig. 6 are seen hybrids showing a variety of intermediate 


TABLE I 


ANALYSIS OF Carduus HYBRID POPULATION COLLECTED NEAR PRICEVILLE IN JULY, 1952 


Collection Chromosome Hybrid No. fis. Seed set, Viable 
No. number, 2 Index per head % pollen, % 
992 oo 8 200 7 6 
993 22 1 139 58 82 
994 22 3 170 79 89 
995 19 9 263 2 5 
996 17 9 113 5 7 
997 18 7 119 6 5 
998 ca. 18 9 270 4 2 
999 — 0 145 36 91 

1000 16 19 288 74 98 
1001 —_ 10 293 1 9 
1002 ca. 19 8 100 4 9 
1003 —_ 9 234 3 13 
1004 a 1 165 55 99 
1005 16 16 477 32 98 
1006 —— 1 95 63 37 
1007 F 140 82 96 
1008 a 1 109 30 99 
1009 ca. 22 0 165 76 99 
1010 = 7 235 1 4 
1011 _ 10 255 1 11 
1012 ca. 22 1 140 76 97 
1013 18 9 320 3 1 
1015 a 19 310 22 97 
1016 ca. 19 10 176 2 9 
1017 ca. 22 5 140 6 14 
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Fic. 3. Photo of hill near Priceville, taken from road, north of hill. 
Fic. 4. Photograph of C. nutans. 
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Photograph of hybr' 


Fic. 6. 


Fic. 5. Photograph of C. acanthoides (M. & M. 1004). 
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characters. The taller plants approach C. acanthoides in height and in the 
possession of erect small heads whereas some of the shorter plants have the 
stature of C. nutans, with the erect smaller heads of C. acanthoides. A short 
plant bearing larger, nodding heads, more typical of C. mutans can also be 
seen in the center and right foreground. 

Hybrid plants generally show a great admixture of the characters of both 
species. The various characters listed above have been observed in every 
possible combination. 


Cytological Observations 


The chromosome number of Carduus acanthoides L. is 2n = 22, of C. nutans 
L., 2n = 16 (Poddubnaja, in Tischler, (7)). These counts have been con- 
firmed on our material (Fig. 7, a, 6). The first generation hybrid would 
therefore be expected to have the somatic number 19. 


In 1951, 41 plants were raised from seed collected at random from plants 
in the vicinity of Flesherton, Grey Co. which appeared to be hybrid. Seedlings 
grown from this seed had the following chromosome numbers: 3 plants, 2m = 16; 
2 plants, 2n = 18; 5 plants, 2n = 19; 3 plants, 2m = 21; 28 plants, 2m = 22. 
One fragment was noted in addition in two plants with the somatic 
number 22. The numbers 18 and 21 indicate that generations other than the 
first were present in the population. Probably backcrossing to both parents 
had occurred to produce plants with the chromosome numbers of the parental 
species. 

The numbers 2m = 16, 17, 18, 19, and 22 found in the plants collected at 
Priceville, Grey Co., in the following year (Table I), indicate that a similar 
condition exists in this area. 

The chromosome numbers of a third lot of plants were determined. Mature 
seed from the plants listed in Table I was sown in greenhouse in late 1952. 
The somatic chromosome numbers of 75 of these seedlings were determined 
as follows: 1 plant, 2x = 16; 3 plants, 2m = 18; 5 plants, 2n = 19; 4 plants, 
2n = 21; 62 plants, 2n = 22. In addition, one fragment was seen in the 
root-tip cells of two plants which had 2” = 22, one plant with 2n = 19. Two 
fragments were found in a plant with 2m = 22. 

The great preponderance of seedlings with the chromosome number 22 
suggested that a comparison of the seedlings with their female parent regarding 
chromosome number might be interesting. The chromosome number of the 
female parent of 36 of these seedlings is known. Of 24 seedlings whose female 
parent had the somatic number 22, twenty-three had the same number, one 
had 2m = 21; of 12 seedlings whose parent had not 2m = 22, three plants had 
2n = 22, nine had not 2n = 22. These data indicate that plants with the 
number 22 rarely produce progeny with a number other than 22 whereas 
plants with numbers other than 22 produce offspring with the number 22 in 
an appreciable number of cases (25%). It will be seen from Table I that 
plants whose chromosome number was 2m = 22, or whose hybrid index was 
low, indicating that their chromosome number, although unknown, was 
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Fic. 7. a. Somatic chromosomes of Carduus acanthoides. 
Carduus nutans. c. 1 metaphase in plant M. & M. 996. d. I metaphase in plant M. & M. 
997. e. | metaphase in plant M. & M. 994. f. I metaphase in plant M. & M. 1024. 


b. Somatic chromosomes of 


i. probably 22, produced the greater amounts of seed. The majority of these 
: 75 seedlings then were progeny of plants which had the number 22. These 
- facts suggest that seedlings with the number 22 will be produced in consider- 


Meiosis 


ably greater numbers in this population than seedlings with other numbers. 


It was possible to examine meiosis in only six of the hybrid plants col'ected 
near Priceville and in one plant of a typical C. nutans. 


Relatively few cells 


were found in which it was possible to fully analyze the meiotic associations; 
consequently the results are not presented here in great detail. 
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Material of one plant of a typical C. mutans (1024) was collected five miles 
east of Guelph, Ontario. Carduus nutans is abundant in this area whereas 
C. acanthoides is absent. The plant studied was morphologically typical. 
Meiosis was completely regular: eight bivalents were formed (Fig. 7, f). The 
pollen was 92% normal and 66% of the florets produced normal seed. 

Meiotic material was not obtained from a typical plant of C. acanthoides. 
However, the percentage of good pollen in such a plant (967) was 96, the seed 
set, 87. It seems very probable that meiosis was regular in this plant. The 
plant was collected in the area northwest of Owen Sound where this species 
is very abundant. 

Plant 994 (2n = 22, Hybrid Index 2.5) closely approaches C. acanthoides 
morphologically. Meiosis was regular—11 bivalents were formed (Fig. 7, e). 
Presumably this plant was hybrid in origin and backcrossed to C. acanthoides 
through possibly more than one generation with the result that the karyome 
of C. acanthoides has been largely reconstituted. The high percentage of 
normal pollen and the high seed set show that this hybrid plant is biologically 
successful. 

Plant 996 (2n = 17, Hybrid Index 9) appears, on the basis of morphology, 
to be a first generation hybrid. The chromosome number indicates that it is 
a plant of the second or later generations. The average associations seen at 
I metaphase in six cells was 0.8! + 6.0% + 1.11%! + 0.17!¥. The number 
of bivalents per cell ranged from five to seven; one trivalent was seen in each 
of the cells, two trivalents in one cell. One or two univalents occurred in three 
cells. In Fig. 7, c are seen two univalents, six bivalents, and one trivalent. 
This plant has a low degree of fertility. 

Plant 997 (2n = 18, Hybrid Index 7) was essentially meiotically regular. 
Usually nine bivalents were seen (Fig. 7, d); in one cell 2! + 8" occurred. 
This plant must also be considered a hybrid of the second or later generations. 
The regularity of meiosis in the cells studied leaves unanswered the cause of 
the high percentage of abortive pollen and the low seed fertility observed in 
this plant. 

Plant 995 (2n = 18-19, Hybrid Index 9) may be a first generation hybrid, 
in view of its chromosome number and hybrid index. The meiotic associations 
seen in two cells were interpreted as 1! + 8! + 2™I_ As indicated, there was 
some doubt as to whether the chromosome number of this plant was 18 or 19. 
Slightly different interpretations could therefore be placed on the above 
associations. The plant is slightly fertile. 

A plant which is morphologically very like a first generation hybrid is plant 
1013 (2m = 18, Hybrid Index 9). The chromosome number indicates, how- 
ever, that it belongs to a later generation. Only slight meiotic irregularities 
were observed: 9! or 2! + 8!! were observed at I metaphase. In spite of the 
regularity of meiosis, a low degree of fertility was found. 

Plant 1016 (2n = ca. 19, Hybrid Index 10) seemed to contain one univalent 
and one trivalent, the remaining chromosomes being associated in bivalents. 
Only 2% of the florets set seed. 
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As a conclusion to these meiotic studies, it may be pointed out that a high 
degree of homology must exist between the chromosome complements of the 
two parent species. Even in plants which possibly were first generation 
hybrids, pairing irregularities were slight; most chromosomes were associated 
in bivalents, one to two were unpaired, or one multivalent of three to four 
{ chromosomes was present. Five bivalents seem to be the lowest number of 


pairs found in any plant; at least five chromosomes from each species must 
be homologous completely or nearly so. Probably homologous segments are 
present in most of the other chromosomes. The close relationship of C. nutans 
and C. acanthoides is strongly indicated. 


Morphology and Cytology 


In Fig. 8 the diploid chromosome numbers of the Priceville plants are 
plotted against their hybrid index. This figure does not include plants of the 
Priceville collection for which it was not possible to determine the chromosome 
number. The score of each parental species (A—acanthoides, H.I. 0; N— 
nutans, H.I. 19) and of their first generation hybrid is marked on the figure. 
It will be seen that there is a close correlation between the chromosome 
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Fic. 8. Relationship between Hybrid Index and chromosome number of plants collected 
near Priceville. 
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number and the morphological characters of these plants. Plants which 
scored close to either parental species had the chromosome number of that 
species; plants which were morphologically intermediate had intermediate 
chromosome numbers as well. 


It will be seen also from Table I that the percentage of normal pollen is 
correlated with the hybrid nature of the plant. A high percentage of good 
pollen accompanies the hybrid index and the chromosome number of either 
parental species. A higher seed set, as would be expected, accompanies a 
high percentage of normal pollen. 

The chromosome number, percentage of viable pollen and hybrid index of 
the lot of seedlings selected from the progeny of the 1952 Priceville collections 
are shown in Table II. These 1953 plants are compared with their female 
parent with regard to chromosome number and hybrid index. Other data 
about the female parent plants will be found in Table I. These 1953 seedlings 
generally show a tendency to an increase in chromosome number and a 
decrease in the hybrid index, thus tending to approach C. acanthoides in 
chromosome number and in morphology. This tendency is, however, not 
without exception, as is seen in the case of the progeny of plants 1006, 1008, 
and 1009. Here a slight increase in hybrid index occurred. It will be noted 
here that the parent plants were already almost or completely typical C. 
acanthoides both in morphology and chromosome number. Doubtless these 
plants contain chromosomes of C. nutans and will continue to produce progeny 
which will appear to be a population of C. acanthoides showing an unusual 
degree of variability. 


TABLE II 


COMPARISON OF SELECTED 1953 SEEDLINGS WITH THEIR FEMALE PARENT 


“ Seedling Female parent 

1 

Plant No. 2n % pollen Hybrid Index Hybrid Index 2n 
997-2 21 21 7 7 18 
998-3 — 53 1 9 18 
1000-3 18 89 17 19 16 
1004-9 — 95 1 1 _ 
1005-2 19 9 11 16 16 
1005-3 19 7 11 16 16 
1005-4 19 3 8 16 16 
1005-5 ca. 18 5 11 16 16 
1005-6 18 9 10 16 16 
1005-7 19+f 12 11 16 16 
1006-1 ca. 2 33 1 1 _ 
1006-8 22+f 60 2 1 _ 
1008-2 — 94 4 1 _— 
1009-6 22 7 2 0 ca. 22 
1009-9 22 92 2 0 ca. 22 
1010-1 21 3 > 
1012-5 22 99 6 1 ca. 22 
1012-8 22 99 1 1 ca. 22 
1012-10 22+f 99 3 1 ca. 22 
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Selection for Increased Chromosome Number 


From the chromosome counts recorded in the preceding section, it will be 
noted that the somatic number 22 occurs more frequently than any other 
number, or even, in some cases, all other numbers combined. 

The population raised from seed collected near Flesherton in 1951 contained 
28 plants with this number, 13 with other numbers. Of the plants collected 
at Priceville in 1952, the chromosome number of 14 of them was determined 
(Table I): 5 had 2m = 22. If the number of the other plants of this collection 
was estimated from their known hybrid index probably four more (a total of 
nine out of 26) would have the number 22. Seventy-five seedlings were grown 
from the seed of these plants: 62 had the number 2m = 22. It was noted that 
plants with the number 22 produced progeny which only very rarely had a 
number other than 22 but that parent plants with numbers other than 22 
produced progeny 25% of which had the number 22. 

These data, and also data on the hybrid index, suggest that a selective 
force may be acting in this area to cause the hybrid populations to approach 
more ciosely to C. acanthoides, morphologically and cytologically, than to C. 
nutans. If true, this must mean that the chromosomes of acanthoides origin 
are selected to a greater degree than would be the case by random selection. 

The chromosome number which is found in the progeny is, of course, 
decided by the segregation of chromosomes at meiosis. The fact that at least 
five bivalents were seen in the plants in which meiosis was studied suggests 
that no fewer than five chromosomes will go regularly to each pole. The 
remaining chromosomes were usually not unpaired but were associated in 
multivalent configurations. The distribution of chromosomes in multivalents 
is usually less regular than is the case with bivalents. Probably such a relatively 
random distribution will not always result in the production of a viable 
genome: gametes which lack a chromosome, the gene content of which is 
essential to the physiology of the male gametophyte, will abort. Genes 
essential to viability may act at any of many different stages: pollen formation 
and germination, tube growth and any time during embryogeny. There is 
thus ample opportunity for gametic selection to occur. It is probable that 
gametes, both male and female, which receive a higher number of chromo- 
somes, such as 11, will be more likely to possess a viable genome. Asa result, 
a majority of plants of the following generation will have the somatic chromo- 
some number 22. Since the majority of the chromosomes subjected to irregu- 
lar distribution are acanthoides chromosomes, it is probable that viable gametes 
will contain a majority of chromosomes from this species. 

Avers (2) has recently reported that in triploid Aster hybrids univalents can 
divide equationally at both meiotic divisions. As a result of the double 
division, the chromosome numbers of the resulting gametes are increased. 

Such a mechanism would probably explain the higher chromosome number 
frequently noted here in the progeny as compared with that of their female 
parent. 
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Although such abnormal meiotic behavior was not noted in the plants 
studied, it is possible that the equational division of a univalent in the first 
meiotic division could have been interpreted as the disjunction of a bivalent 
with a single chiasma. Since the somatic chromosome number of these plants 
was not known, the error would not be detected by a comparison of the 
chromosome number revealed by meiotic configurations with the known 
somatic number. The chromosome numbers of plants numbered 994, 995, 
996, 997, 1013, 1016, and 1024 were determined from a study of meiosis. 

Therefore it is desirable to consider if it can be decided from the evidence 
available whether or not such chromosome behavior occurs in the present 
case. 

If such double divisions did occur in these plants, the apparent chromosome 
number, determined from meiosis, would be higher than the actual somatic 
number. This error would disturb the relationship between the chromosome 
number and the hybrid index, illustrated in Fig. 8. For example, a plant 
whose somatic number was 19 might have the apparent number 2n = 21. 
The hybrid index of the plant should, however, be about nine, corresponding 
with the true number, 2x = 19. The error would cause the points plotted in 
Fig. 8 to be shifted to the right of the theoretical expected line, indicating that 
such a misinterpretation of chromosome number has not occurred. 

Meiotic material of a few plants grown in experimental plots during 1953 
was fortunately available. The somatic chromosome numbers of these plants 
were known from root tip counts. Meiosis was found in only two of these 
plants, Nos. 1000-3 and 1005-4. 

The somatic number of plant 1000-3 is 16. Eight bivalents were regularly 
formed at I metaphase and the haploid number 8 was observed in both plates 
at II metaphase. 

Plant 1005-4 had the somatic chromosome number 2” = 19. The average 
meiotic associations in this plant were 0.5! + 6.75"! + 0.5!¥. Univalents 
were seen but no tendency for equational divisions of univalents in the I 
anaphase was found. Both II metaphase plates were counted in six cells; in 
all cases the total number of chromosomes in both cells was 19. Three cells 
showed the haploid numbers 8 + 11; three had 9 + 10. 

So far as can be judged from the above evidence, the double division of 
univalents found by Avers does not occur in the Carduus hybrids. The 
tendency of the hybrid population to produce progeny with a chromosome 
number higher than their seed parent must be explained by other means. 


Discussion 


The fact that so many interspecific hybrids have been found in relative 
abundance in this genus (4) indicates a close relationship between the species. 
Doubtless, as was the case in this study, the chromosomes of different species 
show a high degree of homology. Gene exchange is easy and a great amount 
of variability due to introgression is to be expected in any areas where species 
meet. Even the survival of the original parental species might be endangered. 
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In a future survey of Grey County it will be interesting to discover whether 
or not the parental forms have survived. It should be pointed out that 
hybridization is occurring here in an area which is, ecologically, largely 
acanthoides territory. This species is found in well-drained sandy loam. 
Usually it occupies the crests of rolling stony hills. C. mutans, however, 
occupies more low-lying grassy pastures that have probably a higher moisture 
content. 

In the case of a freely interbreeding population one might expect to find 
eventually a hybrid population almost uniformly intermediate in morphology 
and in physiology between C. acanthoides and C. nutans. A wide range of 
habitats would doubtless be required to assure the success of such a population. 
On the other hand, some internal factor might tip the balance in favor of one 
of the original species. This species might remain dominant in numbers, 
probably showing a high degree of variability. 

It has been suggested here that C. acanthoides seems to enjoy an advantage 
in this area, since an unusually large number of seedlings produced by the 
hybrids of Grey Co. have the chromosome number of this species and morpho- 
logically most plants approach closer to C. acanthoides than to C. nutans. 
Since seed from plants of the Priceville collection were not subjected to 
ecological selection in the pastures of Grey County but were grown in a 
greenhouse at Ottawa, it appears that factors other than ecology are causing 
the trend toward the production of acanthoides-type plants. A process of 
gametic selection was suggested to explain the high proportion of plants with 
the somatic number 22. Such a process might act by altering the physiological 
condition of the female parent so that seed formation failed at any one of 
many critical points, pollen germination, rate of pollen tube growth, fertiliza- 
tion. Failure might occur at any stage during embryogeny, through the 
amount or type of nutrient material supplied to the ovule. The relative 
growth rates of maternal and gametophytic tissue in the ovule also might be 
the medium through which such selection could act. 


There exists the possibility that the gametic selection postulated might be 
different in another environment. The genes which here were essential might 
not be essential in a different environment. Other genes might be the critical 
factor, and these might favor the formation of nutans-like seeds, or be impartial. 
Of course, in such a different environment, the seed parent would probably be 
different; only plants of another genotype might have survived to set seed. 


After the process of gametic selection has acted, the successful seeds must 
pass the further selective action of the environment. Here as well, doubtless 
many of the resulting seedlings will be eliminated at any stage from germina- 
tion to maturity. 

In the area studied it seeths that acanthoides-like hybrid progeny have an 
ecological advantage. This, together with the apparent production of a higher 
proportion of plants with the chromosome number and genome of this species 
strongly suggests that C. acanthoides will remain the dominant form in the 
exchange of genes between C. nutans and C. acanthoides. 
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PURIFICATION AND ELECTRON MICROSCOPY OF VIRUSES 
CAUSING CHERRY YELLOWS AND RELATED DISEASES! 


By R. S. WiLitson,? M. WEINTRAUB,? AND J. D. FERGUSON?® 


Abstract 


Virus entities associated with necrotic ring spot, yellows, and green ring mottle 
of sour cherry, tatter leaf of sweet cherry, prune dwarf, and two viroses of rose 
have been purified and concentrated from cucumber leaves and/or peach and 
cherry petals and peach leaves by differential centrifugation. To prevent 
inactivation of the virus, the Prunus tissues were homogenized with 0.1% 
potassium cyanide in 2.5% sodium bisulphite. Infective extracts of some of 
the entities were also prepared by ammonium sulphate precipitation and from 
aqueous chloroform-amyl-alcohol emulsion. Particles ranging from less than 
10 to more than 100 my in diameter were observed with the electron microscope 
in extracts from both healthy and virus-infected sources. In the former, 
prepared by differential centrifugation, particles were distributed about a series 
of peaks at 10 my intervals and, in the latter, about a single mode characteristic 
of the entity under examination. Particles associated with different entities 
ranged from 28 my diameter for rose mosaic to 50 my for some tatter leaf 
and green ring mottle isolates. In extracts known to contain two viruses, 
characteristic distributions of each component of the mixture could be deter- 
mined if the mean particle diameter of one virus was known and differed from 
that of the other entity by 5 mu or more. Evidence based on particle charac- 
teristics, supplemented by cross protections and comparative symptomatology 
suggests that the necrotic ring spot virus is not necessarily involved in the 
etiology of cherry yellows, prune dwarf, tatter leaf, or green ring mottle. 


Introduction 


Until recently stone-fruit virus investigations, of necessity, have been 
confined almost exclusively to studies of the induced diseases in orchard, 
nursery, and experimental plot. Descriptive and comparative symptoma- 
tology, host-range studies, cross protection experiments and field surveys have 
yielded a considerable body of valuable information as well as practical 
applications in diagnosis and control. It has also been possible to distinguish 
by such methods a number of groups of diseases and, by inference, of viruses. 
Among those generally recognized are the peach-yellows-little-peach group, 
the X-disease-little-cherry group, the line-pattern group, the mottle-leaf— 
rugose-mosaic group, and the cherry-yellows—necrotic-ring-spot group. Some 
of these groups appear to be associated with a single virus or strains thereof. 
However, in other groups, notably the cherry-yellows-necrotic-ring-spot, 
relationships between the causal entities are less obvious and have not been 
resolvable by the means so far available. 


The cherry-yellows-necrotic-ring-spot group of diseases is characterized (i) 
by shock symptoms of various degrees of severity on sour cherry and (ii) by 
the ability of the causal virus or viruses to infect cucumber and some other 
cucurbits. However, on the basis of the syndromes induced on a range of 
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differential Prunus hosts, the group can be shown to comprise at least five 
distinct diseases: cherry yellows, green ring mottle, and necrotic ring spot of 
sour cherry, tatter leaf of sweet cherry, and prune dwarf. The discovery that 
the virus entities associated with this group could be mechanically transmitted 
to cucumber (1, 6, 12) has provided a ready means of assaying the infectivity 
of extracts from infected plants and opened the way to the study of the viruses 
themselves. Investigations of such physical properties as thermal inactiva- 
tion, longevity in vitro, and reaction to inhibitors have served mainly to 
demonstrate the high degree of variability not only among the several virus 
entities but also in the results obtained with different extracts of any one 
isolate (9, 10, 13, 14, 15). On the other hand, the information gained has 
been of great value in developing the purification procedures that, along with 
some phases of the electron microscopy of representative isolates, are the 
subject of the present paper. 


Materials 


The isolates and the system of identification used in this phase of the 
investigation have already been described (9, 10, 13, 14, 15). Each isolate is 
identified by a letter indicating the disease observed on the original Prunus 
host and a number distinguishing a given isolate from others in the same 
group. In this system, D represents prune dwarf; G, green ring mottle; 
N, necrotic ring spot; T, tatter leaf; and Y, cherry yellows. 

Several samples of each of the diseases have been maintained in various 
Prunus hosts for a number of years and many of them have been used in 
experiments of various kinds. Most of the purifications from Prunus sources 
have been made from petals of peach (PP), sweet cherry (SP) and sour cherry 
(MP), and the remainder from leaves of peach (PL) and sour cherry (ML). 
The viruses purified from cucumber (C) were, in some cases, isolated during 
the course of purification of Prunus materials and, in others, had been 
maintained for some time as stock cultures in cucumber. Methods are 
discussed in appropriate sections later in the paper. 


Purification Procedures 


Purification of Cucumber Extracts 

After several unsuccessful attempts to purify stone-fruit viruses by the 
standard ammonium sulphate method, infective preparations were eventually 
obtained by differential centrifugation in a Spinco preparative ultracentrifuge 
in which the rotor is cooled by refrigeration. Extracts were prepared by 
adding 100 ml. of 0.067 M phosphate buffer at pH 6.5 to a known weight of 
leaf and cotyledonary tissue, within the range of 30 to 75 gm., and homogeniz- 
ing the mixture in a Waring blendor until the temperature reached 38° to 
40°C. Dilutions of the order indicated were not critical, but a minimum 
volume of 130 ml. was required for the efficient operation of the blendor. The 
blended homogenates were cooied, strained through four layers of damp 
cheesecloth, and squeezed dry by hand. The filtrates were tested for 
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infectivity by mechanical inoculation to cucumber and clarified by centrifuging 
for 30 min. at 5000 g. The supernatant liquid from the clarification run was 
then centrifuged for 60 min. at 130,000 g. The resultant pellets were 
dispersed in 12 ml. distilled water and cleared by a low-speed centrifugation 
for 30 min. at 5000 g. The process has been carried for test purposes through 
five or more such cycles of high and low speed centrifugation, but, in general 
practice, it was not continued beyond the third cycle after which the law of 
diminishing returns began to operate. In either case, the final supernatants 
did not completely lose either their green color or particulate components of 
normal origin. The pellet from the last high speed run was taken up in 
distilled water at the rate of 1 ml. per 10 gm. of leaf, so that the final concen- 
tration of virus in the purified extract was theoretically 10 times that of the 
available virus in the living tissue. At first, all fractions obtained during 
purification were tested for infectivity, but, after the method had proved itself, 
it was necessary to test only the purified extract and the strained homogenate 
from which it was made. It should be clearly understood that, unless other- 
wise stated, preparations from infected sources contained active virus and 
those from healthy sources did not. 

As the viruses were found to be considerably more stable in partially 
purified preparations than in crude sap, precipitation with ammonium sulphate 
(1 : 4, w/v) was tried at the end of the first cycle of differential centrifugation. 
The flocculation was compacted by centrifuging for 60 min. at 5000 g. The 
resultant supernatant, which still retained a greenish tinge, was given another 
cycle of differential centrifugation and concentrated as before. This 
method also yielded infective preparations but, for several reasons that 
will appear later, was less satisfactory for general use than straight differential 
centrifugation. 

The technique devised by Schneider (7) to remove chlorophyll from 
preparations of tobacco mosaic has also been adapted to the purification of 
viruses associated with some, but not all, of the diseases represented in the 
cherry-yellows—necrotic-ring-spot group. The strained homogenate, prepared 
as before, was shaken vigorously for 15 to 20 min. with its own volume of 
chloroform—amyl-alcohol mixture (2 : 1, v/v) and then allowed to stand in the 
refrigerator for 15 min. After being spun five minutes at 1500 g, the emulsion 
separated into three layers, the uppermost of which was the aqueous fraction 
containing the virus. This layer was pipetted off, centrifuged 30 min. at 
15,000 g, and put through two cycles of differential centrifugation. Pellets 
from the high speed run were transparent, gelatinous, and almost colorless. 
The final supernatants were either whitish and opalescent or nearly water-clear. 
The usefulness of this method, except perhaps for diagnostic purposes, is 
limited because some of the virus entities appear to be inactivated and 
destroyed by the chloroform. 


Purification of Extracts from Prunus Tissues 
Homogenates of Prunus leaves or petals diluted with either water or buffer 
turned black or very dark brown almost immediately. The viruses contained 
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in them were inactivated, presumably by the oxidized polyphenols formed 
during homogenization. To inhibit polyphenoloxidase activity, an aqueous 
solution of 0.1% potassium cyanide in 2.5% sodium bisulphite (4, 5) was 
used in place of phosphate buffer. Homogenates prepared with this medium 
did not darken, but rarely produced infection, probably because of the effects 
of the cyanide. However, when purified and concentrated by two or three 
cycles of differential centrifugation, they yielded end products that were 
colorless and slightly opalescent and, with the exception of those prepared 
from cherry leaves, contained active virus. 

If the oxidized polyphenols were solely responsible for the inactivation of 
virus in aqueous cherry extracts, the cherry leaf preparations treated with 
cyanide should have been as infective as those made from cherry petals. It 
is therefore probable that other inhibiting or inactivating agents were also 
present in the cherry leaves. The cherry leaf homogenates contained large 
quantities of hydrophilic colloids, considered to be pentoses, such as arabinose 
or xylose, or their derivatives (8). This material gave the first supernatant a 
ropy, mucilaginous consistency and was not completely removed from the 
final one. It is suggested that the mucilage was responsible for the lack of 
infectivity of the purified preparation either by aggregating the virus particles 
or by interfering with their entry into the test plant during inoculation. A 
similar colloid was also present in peach leaf extracts, but at a much lower 
concentration than in cherry leaves. If the colloid was inhibitory, its 
activity would appear to depend on its concentration. 


Electron Microscopy 


Preparation and Examination of Mounts 

Grids were coated on one side with Formvar film by the approved standard 
method. Mounts were prepared either by microdialysis or preferably by 
microspraying (3). In the first method, droplets were placed by means of a 
capillary pipette on grids floating film-side up on a clean water surface. In 
the second method, a mixture of purified virus extract, 1.0% polystyrene 
latex and 1.0% bovine serum, at the rate of 0.5 ml., 0.2 ml., and 0.3 ml. 
respectively, was sprayed on grids at a distance of 15 to 20 in. by means of a 
microatomizer activated by filtered compressed air at 40 p.s.i. (3). The 
droplets produced by this method were microscopic in size and well-dispersed. 
The dispersal of particles within the droplets was adjusted by diluting the 
virus extract. It was found by trial and error that purified cucumber extracts 
could be diluted 10 to 20 times, whereas the Prunus extracts were best diluted 
only three or four times. 

Specimens were usually scanned at a magnification of 30,000 diameters at 
the viewing screen of a Philips EM-100 microscope. Selected fields were 
photographed at that screen-setting or occasionally at 60,000 diameters. As 
the ratio of magnifications at the screen and at the film focal points is 4 : 1, 
micrographs were at 7500 diameters, or more rarely 15,000 diameters. The 
instrument is provided with a pair of adjustable markers the image of which 
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appears on both the micrograph and the viewing screen. The markers are 
set at each change of magnification so that the distance between them 
represents one micron. This means of calibration, though it gives only an 
approximation, is standardized for the instrument and provides a useful and 
reasonably constant scale for the micrographs. The marker scale was used in 
making the measurements described below. However, on calibration either 
against polystyrene spheres of known diameter or against replicas of a diffrac- 
tion grating ruled at 15,000 lines per inch, the marker scale was found to 
indicate only 0.86 w. A correction factor of 1.16 should therefore be applied 
to convert the measurements to an absolute scale. Magnification for individual 
micrographs in different series, checked by reference to the images of 
polystyrene spheres included in the samples, seldom varied by more than 2%. 


Determination of Particle Size 

Since it has not been possible to distinguish with any certainty between 
particles of virus and nonvirus origin in the purified preparations (Fig. 17), 
it has been necessary to compare the distributions of particle sizes observed 
in different extracts. To obtain the required data, the micrographs were 
projected at a magnification of 100,000 diameters, marker scale, onto sheets of 
paper. The outlines of the particles observed were carefully traced so that 
diameters could be measured and classified in categories at 5 my intervals, 
which at the projected magnification correspond to 0.5 mm. on a metric scale. 
Characteristic distribution patterns could be established with a reasonable 
degree of accuracy by measuring 400 to 500 particles. However, most of the 
distributions given for cucumber extracts and some of those for Prunus 
extracts were based on the combined results of two or more experiments, 
involving 1000 to 2500 particles altogether. Examples of particle-size distribu- 
tions characteristic of three necrotic ring spot isolates are given in Figs. 1 
and 2, and those characteristic of two cherry yellows isolates and one prune 
dwarf in Figs. 3 and 4. The corresponding data for extracts of healthy 
cucumber leaves prepared by different methods and for those from different 
Prunus sources appear in Figs. 5 and 6. 

Particles in extracts prepared by differential centrifugation (DC) from 
healthy sources (H), with the exception of sour cherry leaves, were distributed 
in essentially the same pattern, a series of peaks at 10 my intervals (Figs. 5 
and 6). These peaks presumably represent the modes of a series of over- 
lapping normal distributions of proteins or other large molecules occurring in 
normal cells. The larger particulate substances or aggregates appear to have 


Fics. 1 and 2. Observed distributions of icles in extracts prepared by differential 
centrifugation from cucumber plants (Fic. 1) and from Prunus sources (F1G. 2) infected 
with necrotic ring spot isolates, N.1, N.3, and N.4. 

Fics. 3 and 4. Observed distributions of icles in extracts prepared by differential 
centrifugation from cucumber plants (Fic. 3) and from Prunus sources (Fic. 4) infected 
with prune dwarf, D.1, and cherry yellows isolates, Y.2 and Y.3. Abbreviations: ML 
and MP—sour cherry leaves and petals; PL and PP—peach leaves and petals; SP— 
sweet cherry petals. 
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TABLE I 


COEFFICIENTS OF CORRELATION BETWEEN PARTICLE-SIZE DISTRIBUTIONS OBSERVED 
IN EXTRACTS FROM VIRUS AND HEALTHY SOURCES 


The abbreviations are those used in the text and figures 


A. (See Figs.5 &6) HC(DC) HC(AS) HC(CH) HML HPP HSP 


HC(DC) .9158** .8382* .8056* .8222* .9032%* .7427. 
HC(AS) .8382* .9428** 6811 . 2879 
HMP .9305** — .8897** .9359** .8644* 
HML .8222* . 7666* 
HPP .9302* 7666* .8715* 


r = .8745 at the 1% level** and .7545 at the 5% level of significance* 


B. (See Figs.4&5) Y.2 (MP) ¥.2 (981) ¥.2 H (MP) 


Y.2 (MP) .9296** .9059** .2079 — .1457 
Y.3 (PL) .8074* .9232°* 
r = .8343 at the 1% level** and .7067 at the 5% level* 


C. (See Figs. 4 & 11) N.5 (MP) H (MP) 
Y.4 (MP) .6268 .5328 
N.5 (MP) -6022 


r = .8114 at the 5% level 


been destroyed in or otherwise removed from the cucumber extracts prepared 
by ammonium sulphate precipitation (AS) or by chloroform extraction (CH) 
(Fig. 5) and from the extract of sour cherry leaves (ML) (Fig. 6). There was 
a remarkably high degree of correlation between the distribution curves for 
extracts from such widely divergent sources as cucumber leaves and cherry 
or peach petals (Table I, A). 

The virus extracts differed from those of normal origin in that they were 
characterized by particles distributed in most instances about single modes 
either of much greater magnitude than those associated with the nonvirus 
extracts (cf. Fig. 3 and curve DC, Fig. 5), or falling in a different size category 
(cf. curves Y.2 (ML), Fig. 4; and ML, Fig. 6). An analysis of variance in 
two sets of observations each for healthy cucumber and for isolates N.1 and 


Fics. 5 and 6. Observed distributions of particles in extracts from healthy cucumber 
plants (Fic. 5) and healthy Prunus sources (FIG. 6). 

Fics. 7 and 8. Adjusted distributions of ‘‘virus particles’’ of isolate N.1 after the 
second (2), fourth (4), and fifth (5) cycles of differential centrifugation (F1G. 7) and of 
isolate Y.3 purified from cucumber by different procedures (Fic. 8). _ Abbreviations: 
AS—ammonium sulphate method; CH—chloroform extractions; DC—differential 
centrifugation; ML and MP—sour cherry leaves and petals; PP—peach petals; and 
SP—sweet cherry petals. 
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Y.2 showed a highly significant interaction (P <1%) between the presence 
or absence of virus on one hand and particle-size distribution on the other. 
Correlations between distribution curves for virus and nonvirus extracts and 
between those for pairs of virus extracts having modes differing by 5 my or 
more were not significant even at the 5% level (Table I, C). On the other 
hand, distribution curves sharing the same modal category, for example Y.2 
(MP) and Y.2 (ML) (Fig. 4) were significantly correlated (Table I, B). 


Estimation of the size of particles associated with a given virus, hereinafter 
called “‘virus particles’, was based on the assumption that particles of nonvirus 
origin, as well as virus particles, contributed to the distributions observed in 
virus extracts. Consideration of the distribution of particles in extracts of 
healthy tissues leads to the view that nonvirus particles can be expected to 
occur in substantially the same proportions in the various size categories in 
extracts prepared by the same method from similar sources whether virus is 
present or not. It should therefore be possible to calculate the probable 
frequency in each category of the nonvirus particles occurring in a given virus 
preparation and to arrive at the probable distribution of ‘virus particles’’. 
An example of the procedure for adjusting observed distributions is given in 
Table II. If the frequency for a given category in column H, (Table II) is 
subtracted from the corresponding frequency for the virus extract (column V;) 
the remainder indicates whether or not particles of virus origin are likely to 
occur in that category. The distribution thus obtained (Column V;—H;) 
would therefore imply that the ‘virus particles’ fall in the 40 to 50 mu 
categories and possibly in the 35 my category also. Since the remaining 
categories presumably contain only nonvirus particles, either or all of these 
categories could be used to estimate the frequency of occurrence of nonvirus 
particles in the virus extract. The ratio of 30 my particle frequencies in the 
virus and nonvirus extracts is 206/355. Multiplication of the frequencies in 
column H by that factor determines the probable distribution of normal 
particles (column AH) in the virus extract. The adjusted normal values 
(AH) are subtracted from the observed V frequencies to give the probable 
distribution of “virus particles” (Column V—AH). The mean diameter of 
the “‘virus particles” can then be readily calculated (Column d X f). An 
adjustment such as this is obviously of greater importance when differences 
in nonvirus frequencies were pronounced, for example in the healthy cucumber 
extracts prepared by the ammonium sulphate method, than when they were 
relatively slight, for example in the extract prepared by differential 
centrifugation (Fig. 5.) 

That the method of measurement and the adjustment procedure are valid 
within the limits of experimental error is evident in the marked similarity 
between the distributions of ‘‘virus particle’’ sizes of isolate N.1 assayed at 
different stages of purification (Fig. 7) and between those of isolate Y.3 in 
cucumber extracts prepared by different methods of purification (Fig. 8). 
The first example is noteworthy because it shows that extracts tended to 
become more homogeneous as purification proceeded. The mean diameter 
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TABLE II 


COMPARISON OF NORMAL (H) AND viruUS (V) EXTRACTS, PREPARED FROM CUCUMBER 
BY DIFFERENTIAL CENTRIFUGATION (V = Y.2) 


(d) Distribution per 1000 Observed distribution 
(f = V—AH) 
mp H, Vi Vi-M H V AH* V—-—AH 
30 270 97 —173 355 206 206 0 0 
35 164 130 — 34 215 277 125 152 5,320 
40 210 421 211 276 §=897 160 737 29,480 
45 107 221 114 141 471 82 389 17,505 
50 141i 111 0 146 39.237 84 153 7,650 
55 61 13 — 48 80 28 47 <0 59 ,955** 
60 50 6 — 44 65 14 38 <0 
Mean diam. = 
65 27 1 — 26 35 2 20 <0 
59,955 
1431 
Total 1000 1000 0 1313 2132 762 1431 41.9 + .07 mp 


*AH = H X 206/355. 


** 5, = 4.07. 


calculated from the data for stages 2, 3, 4, and 5 were 42.5, 43.5, 41.4, and 
40.7 mu respectively (LSD = 0.8 at the 1% level). Significant differences 
between values such as these, derived from samples of the same population, 
are more indicative of experimental and sampling errors than of essential 
differences between samples. Estimates of mean diameters should therefore 
be regarded as indications of orders of magnitude rather than as absolute 
values. A comparison of modes and the degree of correlation between 
distribution curves are considered to be more reliable criteria of significance 
than statistical comparisons of mean diameters. 


Comparison of Extracts Prepared by Different Methods 

The adjusted distributions of “virus particles” in infective preparations 
were not seriously affected by the method of purification (Fig. 8), in spite of 
dissimilarities between the observed distributions arising from differences in 
the relative proportions of normal nonvirus particles (Fig. 5). The adjusted 
curves for isolate Y . 2 were almost identical with the corresponding ones shown 
for isolate Y.3 in Fig. 8. Similar results were also obtained with isolate N .4 
from cucumber extracts prepared by differential centrifugation and by 
ammonium sulphate precipitation. Purification from cucumber by the 
chloroform technique, however, may prove useful for differentiating between 
cherry yellows and necrotic ring spot isolates. The chloroform-treated extracts 
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of the cherry yellows virus strains, which were infective, contained particles 
distributed about a mode at 40 my that fell close to the upper limits of the 
size range of nonvirus particles (Fig. 9), and coincided with the mode observed 
for particles in the virus extract purified by differential centrifugation. On the 
other hand, necrotic ring spot isolates, which were viable in the homogenates 
before purification, were inactivated by the chloroform treatment. Further- 
more, the purified N preparations that were examined contained no traces of 
“virus particles” (Fig. 10). 

Because most of the particles in the chemically treated extracts of healthy 
tissues (Fig. 5) were of the order of 30 my or less, neither the ammonium 
sulphate nor the chloroform method is suitable for use with viruses the particles 
of which are less than 35 my in diameter. For that reason, purification by 
differential centrifugation, which yields a more even nonvirus particle-size 
distribution, is preferable for general purposes and particularly for exploratory 
experiments. 


Comparison of Extracts from Different Sources 

Particles associated with a given necrotic ring spot isolate were of the same 
order of magnitude whether purified from cucumber or from Prunus sources 
(Figs. 1 and 2), but in some cases differed somewhat in size from those of other 
isolates in that group.. Particle size for prune dwarf isolate D.1 was also not 
affected by host sources (Figs. 3 and 4). It may be of interest here to note 
that isolates N.1, N.3, and N.4 were originally found latent in naturally 
infected Lombard plum, sour cherry, and peach respectively. The shape of 
the distribution curves suggests that N.3 and possibly N.4 were mixtures of 
at least two virus entities. It is thus uncertain whether N .3 “virus particles” 
were 40 or 50 my in diameter. Isolate N.5, also from sour cherry, was 
associated with smaller particles than either of the other three isolates (Figs. 2, 
11, and 12). 

Particles associated with two of the cherry yellows isolates, unlike the 
necrotic ring spot isolates, were almost identical in one host, but were 25% 
larger in Prunus than they were in cucumber (Figs. 3 and 4). The Y.2 and 
Y .3 isolates both caused severe yellows symptoms annually. A third isolate, 
Y .4, induced a much milder disease, the symptoms of which varied in intensity 
from year to year. This isolate was associated with “virus particles’’ of the 
order of 40 my in diameter in cherry petal extracts (Figs. 11 and 12). 


Fics. 9 and 10. Effect of chloroform extraction on particle size of cherry yellows 
isolate Y.3 (Fic. 9) and of necrotic ring spot isolate N.1 (Fic. 10). All preparations 
made from cucumber sources. Abbreviations: _H—healthy sources; CH—chloroform 
extraction; DC—differential centrifugation. 

Fic. 11. Observed — distributions in extracts of sour cherry petals infected 
with isolates N.5 and Y.4 alone and in combination. 

Fic. 12. Adjusted distributions of ‘‘virus particles’’ of isolates N.5 and Y.4 in cherry 
petal extracts (A) from trees infected with single viruses and (B) from trees infected with 
both isolates. 
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A somewhat different host effect was observed with tatter leaf isolate T.1. 
Peach petal and sweet cherry petal extracts from trees infected with this 
entity differed from comparable preparations of other isolates in having 
unusually large numbers of particles greater than 70 my in addition to those 
in the usual size range. The larger particles, which were roughly spheric a in 
shape and variable in size, may well have been aggregates cv taining virus 
particles. However, ‘virus particles’ were present in sufficient quantity to 
be infective in the peach petal preparation. These were of the order of 30 mu 
in diameter. The cherry petal extract, on the other hand, was not infective 
and contained particles mostly 40 my in diameter (Fig. 16). 


Separation of Viruses in Multiple Infections 


Two sets of healthy one-year-old sour cherry trees, variety Montmorency, 
were bud-inoculated in 1951 with isolates N.5 and Y.4 respectively. In 
1954 three trees of each set were reinoculated with one virus and three others 
with the other one. Mild shock symptoms were observed in N.5 infected 
trees after reinoculation with Y.4 (N.5 + Y.4 combination), but not in Y.4 
trees reinoculated with N.5 (Y.4 + N.5 combination). In the spring of 
1955, purifications were made from petals collected from the two sets of trees . 
inoculated with single viruses and from that with the Y.4 + N.5 combination. 
The observed distributions for the three extracts are shown in Fig. 11. The 
adjusted distributions for the single infections (N.5A and Y.4A, Fig. 12) 
were determined in the usual way by deducting the nonvirus values. When 
the data for the combination were treated in the same way the mode fell in 
the 40 my category as expected for Y.4, but a secondary mode of somewhat 
lesser magnitude in the 35 mu category suggested the probable presence of 
N.5 “virus particles’. Since the three extracts presumably contained 
nonvirus as well as ‘‘virus particles’, adjustments for the double infection 
were made on the premise that the distribution of ‘‘virus particles’ of one 
isolate, for example N.5, could be determined by deducting the distribution 
observed for the other isolate (Y.4, Fig. 11) from the observed combined 
distribution (Y.4 + N.5, Fig. 11). The distributions adjusted in this manner 
are designated N.5B and Y.4B in Fig. 12. The agreement between distribu- 
tions N.5A and B on one hand and between Y.4A and B on the other is 
evidence not only that the premise was sound, but also that the challenging 
virus, N.5, was able to establish itself in trees already infected with virus Y. 4. 


Fic. 13. Observed distributions of particles in peach petal extracts from trees infected 
with isolate N .4 alone and in combination with isolates G.3 and T.2A. 

Fic. 14. Adjusted distributions of ‘‘virus particles’’ of isolates N.4, G.3, and T.2A, 
derived from data given in Fic. 13. 

Fic. 15. Adjusted distributions of “virus particles’ of rose mosaic isolate RM.K1 
and of rose line pattern isolate RM. K4. 

Fic. 16. Adjusted distributions of ‘‘virus particles” of isolate T.1 in infective peach 
petal extract (PP) and in noninfective sweet cherry petal extract (SP). 
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The shape of the combined distribution curve, adjusted by deducting nonvirus 
values only, suggests that the challenging virus was present in somewhat 
lower concentration than the established one, approximately in the ratio 
of 76 : 100. 

It was also possible to detect double infections when the characteristics of 
only one of the component viruses were known. Apparently healthy nursery- 
grown peach trees of the variety Vedette, planted out in an orchard block, 
were found to be naturally infected with the virus entity designated as N.4. 
Extracts prepared from petals collected from the block at random on three 
different occasions in 1954 and 1955 yielded virtually identical distribution 
curves (N .4, Figs. 2 and 13). Some trees in the block were bud-inoculated in 
the spring of 1953 for the purpose of maintaining stock cultures of isolates 
under investigation. In the spring of 1955, purifications were made from 
petals of several such trees, including those inoculated with isolates G.3 and 
T.2 respectively. The observed distribution curves, which were very much 
alike for these two isolates, (Fig. 13) displayed not only the expected 40 mu 
mode characteristic of isolate N.4, but also a definite second mode in the 
50 my category. When these two distributions were adjusted by the method 
just described for double infections, typical ‘‘virus particle” distributions were 
obtained (Fig. 14). The adjusted distribution for isolate G.3 was almost 
identical with those found for isolates G.1 and T.5 derived from similar 
sources. Isolate T.5 differed in some respects from other tatter-leaf isolates 
in symptoms induced in sweet cherry and peach. The estimated diameters 
of the ‘‘virus particles” of T.2, T.5,G.1, and G.3, were approximately of the 
same order of magnitude (47 to 49 my) so that the difference between them 
may have been due to experimental error. On the other hand, isolate T.1 
also purified from peach petals in combination with isolate N .4 was associated 
with particles of the order of 30 my diameter (Fig. 16). 


Two Virus Isolates from Rose 

Two specimens of rose virus in cucumber plants were supplied through the 
kindness of Dr. R. M. Gilmer of Geneva, N.Y. Isolate RM.K1 had been 
transmitted by budding from a mosaic-infected rose, variety Blaze, to Lovell 
peach seedlings and thence to cucumber by juice transfer. The other entity, 
RM.K4, was isolated by the same procedures from a multiflora rose under- 
stock showing line pattern symptoms. At the moment there is some doubt 
that the line pattern disease of multiflora is caused by the virus that is 
responsible for the rose mosaic observed in many of the common rose varieties. 
According to a private communication from Dr. Gilmer, his investigations on 
the comparative symptomatology and thermal inactivation of the two isolates 
from rose suggest that they belong in or have affinities with the necrotic ring 
spot virus group. 

The two isolates were multiplied in and purified from cucumber at the 
St. Catharines Laboratory. Isolate RM.K4 induced in cucumber a more 
severe disease than that caused by RM.K1 and was more difficult to maintain 
in that host. The adjusted distributions of ‘‘virus particles” (Fig. 15) confirm 
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Fic. 17. Photomicrographs of particles associated with (A) isolate Y.3 purified from 
cucumber by differential centrifugation; (B) healthy cucumber extract, ammonium 
sulphate precipitatior; (C) isolate N.1, chloroform extraction from cucumber, almost 
identical with particles in the corresponding extract from healthy cucumbers; (D) isolate 
N.4 from peach petals; (£) and (F), isolate Y.2 from sour cherry leaves and petals 
respectively. All magnifications X 30,000. 


Willison e¢ al.—Can. J. Botany, Vol. 34 


: 
{ 
. 
. 
at 
: 


‘ 
4 
a 
aa 


WILLISON ET AL.: CHERRY YELLOWS AND RELATED DISEASES 101 


the view that the two isolates were not identical and were probably different 
viruses. The ‘‘virus particles” of isolate RM.K4 were of the same order of 
magnitude as those of isolates N.1 and N.4 (Fig. 1), but those of RM.K1 
were considerably smaller than the ‘‘virus particles’’ associated with any of 
the necrotic ring spot isolates so far examined. 


Discussion 


One of the perplexing questions in the stone-fruit virus problem is the role 
of the necrotic ring spot virus in the etiology of other diseases in the cherry- 
yellows-necrotic-ring-spot groups. Necrotic ring spot is latent, or nearly so, 
in sour cherry and latent in peach after the initial shock phase. That shock 
symptoms are induced in both hosts after inoculation with either cherry 
yellows or green ring mottle and in sour cherry after inoculation with prune 
dwarf or tatter leaf is usually interpreted as meaning that the virus entities 
causing these diseases are either strains of the necrotic ring spot virus or 
complexes one of whose components is that virus. An alternative, but 
currently less popular, explanation is that the several diseases may be caused 
by different viruses, each capable of producing shock symptoms in sour cherry. 
The possibility that the necrotic ring spot virus may occur more or less 
frequently as a contaminant in natural multiple infections is not incompatible 
with the second interpretation. 

Although only tentative conclusions can be drawn at the present stage of 
the investigation, it is thought that the available evidence throws some light 
on the problem of relationship between virus entities associated with the 
different diseases in the group under discussion. It has been shown that 
“virus particles’ of the necrotic ring spot isolates were of the same order of 
magnitude in both cucumber and Prunus extracts, whereas those of two of the 
cherry yellows isolates were 40 my in diameter in cucumber and 50 my in 
Prunus preparations. Such differences between the two groups of isolates 
could scarcely be accidental. If the two cherry yellows isolates were complexes 
involving the necrotic ring spot virus and some other entity, there should have 
been some evidence of a secondary mode in the 40 my category in the observed 
and adjusted distributions for the Prunus extracts (Fig. 4) to correspond to 
the mode observed in the cucumber extracts (Fig. 3). Also, the cucumber 
extracts providing the data for the Y.3 isolate and some of the data for the 
Y.2 were derived, after two or three transfers, from the cucumber plants 
inoculated to test the infectivity of the Prunus extracts. There is therefore 
good reason for concluding that, in each case, a single entity caused both 
cherry yellows in the Prunus spp. and the disease observed in cucumber and 
that that entity was not the necrotic ring spot virus. This view is strengthened 
by the difference in the reaction of cherry yellows and necrotic ring spot 
isolates to chloroform extraction. The 25% discrepancy in the size of the 
cherry yellows “virus particles’ in extracts from different host sources can be 
explained on the grounds that the particles were able, without loss of infectivity, 
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to adsorb extraneous material in the Prunus tissues or extracts. A similar 
adsorption phenomenon has been reported for the wound-tumor virus (2). 
The Y.4 isolate, which induced in sour cherry milder symptoms than those 
caused by Y.2 and Y.3, was associated with 40 my particles in that host. 
Isolate Y.4 may be either a distinct entity or a strain of the cherry yellows 
virus, differing from the other two in adsorptive powers. That Y.4 was not 
likely to be a strain of the necrotic ring spot virus is indicated by the lack of 
cross protection between that isolate and N.5. 

Evidence has also been forthcoming that the necrotic ring spot virus is not 
necessarily involved in the causation of other diseases in the group. A 
comparison of particle-size distributions (Figs. 1 to 4) amply demonstrates the 
occurrence of at least one prune dwarf virus strain unlike either the cherry 
yellows or the necrotic ring spot virus. Field studies (11) have shown the 
existence of at least two other prune dwarf strains that, like isolate D.1, did 
not induce shock symptoms in peach comparable to those associated with the 
other two viruses. On the other hand, a fourth strain of prune dwarf virus 
was found in synergistic combination with the necrotic ring spot and line 
pattern viruses. Entities distinct from necrotic ring spot strains in particle 
size and by the criterion of cross protection were also associated with tatter 
leaf of sweet cherry and green ring mottle of sour cherry. There were also 
indications that tatter leaf symptoms may be induced in sweet cherry by more 
than one virus entity. Whether or not the green ring mottle isolates were 
strains of cherry yellows virus has not been completely determined. However, 
during orchard surveys over a 10-year period (unpublished data) it was 
observed that some trees showed only green ring mottle each year whereas 
other trees showed green ring mottle in some seasons and cherry yellows in 
others. The latter observations imply multiple infections and therefore a 
lack of cross protection. 


An interesting feature of the present investigation is that the presence or 
absence of virus in any extract prepared by differential centrifugation could 
be consistently detected by determining the size distribution characteristic of 
the particles in that extract. In all cases, the size of the “virus particles’ fell 
well within the range of particle sizes observed in nonvirus preparations. 
Typical virus distributions were also observed in two extracts in which the 
virus was either inactivated or inhibited but not destroyed. It should thus 
be possible to use the electron microscope to detect latent infections quickly, 
not so much in large scale indexing as in special cases, such as in checking the 
health status of bud-wood and seed sources to be used in establishing and 
maintaining virus-free foundation stock. The possibility should also be 
considered of applying similar methods in exploratory studies of other viruses 
about which little is yet known, for example those attacking strawberries. 
That biological tests for infectivity of extracts may not be at present available 
is a valid objection against far-reaching fundamental research in this field, 
but need not be a deterrent to preliminary probing. 
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STUDIES IN WOOD-INHABITING HYMENOMYCETES 


III. STEREUM PINI AND SPECIES OF PENIOPHORA SECT. 
COLORATAE ON CONIFERS IN CANADA! 


By MILpRED K. Noses? 


Abstract 


The Section Coloratae of the genus Peniophora is represented in Canada by 
Peniophora septentrionalis Laurila, frequently associated with a red stain and 
white rot in Picea spp., P. pithya (Pers.) J. Eriksson, not previously recorded 
from North America, and P. separans Burt, of which only two collections, made 
in 1921, were known. Descriptions of sporophores and cultures, with results 
of interfertility tests and records of hosts and geographical distribution, are 
presented for these species, for Stereum pini (Schleich. ex Fr.) Fr., associated 
with a red stain and white rot in Pinus spp., and for an undetermined species 
isolated from saprot in Pinus banksiana. 


Introduction 


The cultural characters of Stereum pini (Schleich. ex Fr.) Fr., Peniophora 
septentrionalis Laurila, and an unidentified species occurring on pine are so 
similar as to make identification extremely difficult. Cultures belonging to 
this group were first encountered in 1941 when two isolates from rots in 
Picea mariana pulpwood bolts were tentatively identified as Stereum pini on 
the basis of sporophores produced in culture. No isolates of S. pini were 
available for comparison. In 1947, 1948, and 1949 extensive decay studies 
carried out by officers of the Forest Pathology Laboratories at Victoria, B.C., 
Saskatoon, Sask., and Toronto, Ont., on Picea glauca and P. mariana yielded 
a number of cultures which were identical with those isolated in 1941 and 
were, like them, referred to Stereum pini. The following year the survey 
was extended to include Pinus contorta var. latifolia on the eastern watershed 
of the Rocky Mountains. Comparison of the isolates from pine with those 
from spruce showed recognizable differences and the cultures were reported 
as ‘‘Stereum pint” and ‘‘S. pini-spruce type’. In that year Eriksson’s paper 
(8) on “‘Peniophora Cke. Sect. Coloratae Bourd. & Galz.’’ appeared. By 
means of his key the small sporophores produced in several isolates from decay 
in spruce were identified as Peniophora septentrionalis. They appeared to 
agree with his description and with the one collection of the species in the 
Herbarium at Ottawa. This latter collection was on bark of dead Picea 
mariana at Rocky Mountain House, Alta., collected by Dr. C. G. Riley, 
October 12, 1947, and determined by John Eriksson. Fruit bodies on dried 
cultures were sent to Mr. Eriksson who found them similar to P. septentrionalis 
but hesitated to identify the small sporophores produced under artificial 
conditions. In 1953, sporophores were collected on the logs of Picea glauca 

1 Manuscript received August 2, 1955. 
Contribution No. 1478 from the Botany and Plant Pathology Division, Science Service. 


Canada Department of Agriculture, Ottawa, Ontario. 
2 Senior Mycologist, Ottawa, Ontario. 
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felled at the Kananaskis Forest Experiment Station, Seebe, Alta., during 
decay studies in 1950. Single spore cultures from these sporophores were 
interfertile with single spore cultures from the fruit bodies produced in isolates 
from decays in spruce. Hence the cultures from rots and sporophores belonged 
to the same species. The sporophores were identified by Mr. Eriksson as 
Peniophora septentrionalis. Thus the association of P. septentrionalis with 
decay in spruce in Canada was definitely established. 


Meanwhile, in 1951, decay studies on living trees of Pinus contorta var. 
latifolia in Alberta, which were carried out by officers of the Forest Pathology 
Laboratory at Calgary, and deterioration studies on Pinus banksiana in 
Ontario, made by officers of the Forest Pathology Laboratory at Toronto, 
yielded considerable numbers of cultures which were assigned to Stereum pini. 
On the basis of these identifications Denyer and Riley (7) reported S. pini as 
the cause of a brown ray rot in lodgepole pine. In the meantime, some of the 
isolates from saprot in fire-killed Pinus banksiana produced minute sporophores 
from which single spore cultures were obtained. When paired with single 
spore cultures isolated from fruit bodies of Stereum pini collected in nature, 
these single spore cultures failed to produce hyphae bearing clamp connections. 
I therefore concluded that none of the isolates from decay in pine were S. pini 
and that previous identifications of cultures as that species had been in error. 
These conclusions are known now to have been incorrect but they were 
reported to Dr. C. G. Riley who published a note (19) to state that S. pini 
had been erroneously reported as the cause of decay in lodgepole pine. 


Later, comparison of a number of isolates from decay in Pinus banksiana 
and P. contorta var. latifolia showed that nine isolates from saprots in fire- 
killed P. banksiana were distinguishable from the other isolates from these 
hosts. Five of the nine had fruited and their monosporous mycelia had 
failed to cross with those of Stereum pini. The remaining cultures, all from 
heartrots, showed considerable variation but were considered to belong to one 
species. Five produced sporophores from which single spore cultures were 
obtained that were interfertile with single spore cultures of Stereum pini, that 
is, paired with them in such a way as to produce hyphae bearing clamp 
connections, but were intersterile with the isolates from saprots. Hence 
S. pint is associated with a heartrot in Pinus banksiana and P. contorta var. 
latifolia, and an unidentified species with similar cultural characters is 
associated with a saprot in P. banksiana. 

The similarities between cultures of Peniophora septentrionalis and Stereum 
pini and the difficulties experienced in separating them make it reasonable 
to treat them together in the present paper in spite of the fact that they fall 
in different genera under the current system of classification. Peniophora 
septentrionalis was included in the Section Coloratae Bourd. & Galz. of the 
genus Peniophora Cke. by Eriksson (8). The section Coloratae appears to be 
a natural group of species in which the sporophores are adnate although the 
margins may become curled on drying, the hymenium is colored, frequently 
in shades of gray, the tissue in section is usually compact and colored, the 
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cystidia are incrusted and frequently accompanied by gloeocystidia, the 
basidiospores are cylindrical or ellipsoid, thin-walled, even, non-amyloid, pale 
red in mass. Peniophora cinerea (Fr.) Cke. is the best known representative 
of the group in Canada. Stereum pini would be excluded from the group as 
defined because its spore deposits show no red color. However, the other 
similarities between cultures and sporophores of S. pini and Peniophora 
septentrionalis and other members of the Section Coloratae suggest that they 
may be related. 


A study of Canadian collections of fungi showing characteristics of this 
group and occurring on conifers has resulted in the recognition of three species 
in addition to Peniophora septentrionalis. These are P. pithya (Pers.) 
J. Eriksson and P. incarnata (Pers. ex Fr.) Karst., included in the group by 
Eriksson, and P. separans Burt, described by Burt (6) from collections made 
in British Columbia. Descriptions of sporophores and cultures are presented 
for Stereum pini, Peniophora septentrionalis, P. pithya, and P. separans. 
P. incarnata has been omitted since it occurs usually on broad-leaved trees 
and only rarely on conifers. In addition, the cultural characters of the 
unidentified isolates from saprot in Pinus banksiana are described under the 
title ‘Fungus T”’. 


Interfertility Studies 


Reference has been made in the introduction to the use of interfertility tests 
in the identification of cultures. The theoretical basis for such tests and the 
method of applying them has been discussed in earlier papers by the author 
(14, 15) and others. In heterothallic species of Hymenomycetes in which the 
dikaryotic mycelium bears clamp connections, the occurrence of multiple 
allelomorphs at the loci for determining interfertility results in the formation 
of diploid hyphae, bearing clamp connections, when monosporous mycelia 
from two fruit bodies of the same species, from different sources, are grown 
together. In Fig. 2, the results of growing four single spore cultures from 
sporophores produced on each of two isolates of Peniophora septentrionalis in 
all possible combinations are shown, the plus (+) sign indicating the formation 
of hyphae bearing clamp connections. Such complete fertility is accepted as 
proof that the two sporophores from which the monosporous cultures were 
obtained belong to the same species. Failure to form clamp connections 
under these conditions, as illustrated in Figs. 5 to 7, indicates that the 
sporophores belong to different species but does not constitute positive proof. 
Thus Mounce and Macrae (12) found complete or partial sterility between 
certain isolates of Fomes pinicola (Sw.) Cke. and McKeen (11) reported that 
cultures of Peniophora mutata (Peck) Hohn. & Litsch. from Populus spp. were 
sterile or only partially fertile with isolates of this species from other hosts. 
However, complete sterility in all pairings between groups of isolates offers 
strong evidence that they belong to different species. 


In four of the species discussed in the present paper, Stereum pini, Peniophora 
septentrionalis, P. pithya, and Fungus T, the dikaryotic mycelia have regular 
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Fic. 1. Results obtained b iring in all possible combinations 16 monosporous 
cultures of Peniophora separans, Y Bao 30516, (X) denoting the formation of hyphae 


with rare clamp connections, (—) the absence of clamp connections on the hyphae. 


Fics. 2 to 7. Results obtained by pairing in all combinations four monosporous 
mycelia from each of two fruit bodies, (+) denoting formation of hyphae bearing clamp 
connections, (—) denoting failure to form such hyphae Fic. 2. DAOM 10294, an 
isolate from decay in Picea mariana, and DAOM 22983, an isolate from decay in P. glauca. 
Fic. 3. DAOM 22983, an isolate from decay in P. glauca, and DAOM 30518, a sporophore 
of Peniophora septentrionalis. Fic. 4. DAOM 31220, an isolate from decay in Pinus 
banksiana, and DAOM 30521, a sporophore of Stereum pini. Fic. 5. DAOM 30521, a 
sporophore of S. pini, and DAOM 30522, a sporophore of Peniophora septentrionalis. 
Fic. 6. DAOM 31230, an isolate from saprot in Pinus banksiana, and DAOM 22983, a 
sporophore of Peniophora septentrionalis. Fic. 7. DAOM 31230, an isolate from saprot 
in Pinus banksiana, and DAOM 22982, a sporophore of Stereum pini. 


clamp connections and the monokaryotic mycelia simple septa. The pairing 
in all possible combinations of 15 single spore cultures of Stereum pint, DAOM 
22982, showed that it is heterothallic and of the tetrapolar type of interfertility. 
Similar results were obtained for Peniophora septentrionalis, DAOM 30519, by 
pairing 19 single spore cultures in all possible combinations and for Fungus T, 
DAOM 31232, by pairing 17 single spore cultures. Polysporous cultures of 
P. separans have rare clamp connections, most septa being simple, while 
monosporous cultures are consistently simple-septate. This condition 
suggested that the species is heterothallic. | Accordingly, 16 single spore 
cultures of DAOM 30516 were paired in all possible combinations. Recognition 
of fertile pairings was difficult since clamp connections were rare, and the 
results shown in Fig. 1 are incomplete. They demonstrate, however, that the 
fungus is heterothallic and indicate that the monosporous mycelia fall into 
four groups. In spite of the scarcity of clamp connections, P. separans 
probably agrees with other members of the group in being heterothallic and 
of the tetrapolar type of interfertility. It is possible, therefore, to apply 
interfertility tests in identifying cultures to confirm identification of cultures 
belonging to these five species. 

Table I contains a list of the 39 isolates used in interfertility studies in the 
present study with their accession numbers in the Department of Agriculture, 
Ottawa, Mycological Herbarium and the original numbers for those cultures 
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TABLE I 
DAOM No. Original No. Source Host Locality 
Stereum pint 
22982 TRT 23561 Ss Pinus resinosa Colgan, Simcoe Co., Ont. 
30124 Ss Pinus strobus Blakeney, Ont. 
30466 Ss Pinus sylvestris Everett, Simcoe Co., Ont. 
30521 Ss Pinus contorta v. latifolia Water Valley, Alta. 
31214 P 555-1 R Pinus strobus Barry's Bay, Ont. 
31215 F 456-18.7-5 R Picea glauca Slave Lake, Alta. 
31216 Decie 9-8 R Pseudotsuga taxifolia 3 
31217 P 82B R Pinus contorta v. latifolia Strachan, Alta. 
31218 P 116B R Pinus contorta v. latifolia Water Valley, Alta. 
31219 P 131 R Pinus contorta v. latifolia Water Valley, Alta. 
31220 TM 4628 R Pinus banksiana Thunder Bay Dist., Ont. 
31221 TS 1223 R Pinus banksiana Swastika, Ont. 
Peniophora septentrionalis 
10294 R Picea mariana Lac Vert, Que. 
21076 NIS 489 R Picea glauca Prince George Dist., B.C. 
21495 97-40.5-3 R Picea glauca Doré Lake, Sask. 
22983 AF 396-9.1-1 R Picea glauca Slave Lake, Alta. 
30518 DACFP 636 Es Picea glauca Red Deer Ranger Station, Alta. 
30519 DACFP 940 Ss Picea glauca Seebe, Alta. 
30520 DACFP 944 Ss Picea glauca Seebe, Alta 
30522 DACFP 951 Ss Pinus contorta v. latifolia Seebe, Alta 
31222 F 89-51.6-1 R Picea glauca Alta. 
31223 Decie 4-9 R Pseudotsuga taxifolia B.C. 
31224 C 356 R Picea engelmanni Burmis, Alta. 
31225 C 339 R Picea glauca Burmis, Alta. 
31226 S 30 R Picea glauca Sask. 
31227 TM 4635 R Picea mariana Thunder Bay District, Ont 
31228 C 117B R Abies balsamea Chousebrook, Nfld. 
Peniophora pithya 
31303 FPF 1585 Ss Picea mariana Doaktown, N.B. 
31306 A 3337 R Picea sp. South Branch, N.S. 
31307 TM 0403B R Picea glauca Thunder Bay Dist., Ont. 
Peniophora separans 
30514 DACFP 941 Ss Picea glauca Seebe, Alta. 
30516 DACFP 943 Ss Pinus contorta v. latifolia Seebe, Alta. 
Peniophora cinerea 
31308 Ss Fagus grandifolia Mt. Burnet, Que. 
31309 Ss Ulmus sp. Wakefield, Que. 
Fungus T 
31229 T 23631A R Pinus banksiana Sudbury Dist., Ont. 
31230 T 23721A R Pinus banksiana Sudbury Dist., Ont. 
31231 T 23728B R Pinus banksiana Sudbury Dist., Ont. 
31232 T 23822C R Pinus banksiana Sudbury Dist., Ont. 
31233 T 23829A R Pinus banksiana Sudbury Dist., Ont. 


isolated at the Forest Pathology Laboratories. 


Data are also included as to 


whether the culture was obtained from spores (S), tissue of the sporophore 
(T), or rot (R), and the host and locality where collected. 


Typical results are presented in Figs. 2 to 7. 


As shown in Fig. 2, all crosses 


between single spore cultures of DAOM 10294 from decay in Picea mariana 


and DAOM 22983 from decay in P. glauca were fertile. 
isolates belong to the same species. 


Therefore, the two 


From Fig. 3 it is seen that monosporous 
cultures of DAOM 22983 are interfertile with those of DAOM 30518, a 
sporophore of Peniophora septentrionalis on Picea glauca. This interfertility 
proves that the culture from decay belongs to Peniophora septentrionalis. 


Similarly, the results in Fig. 4 demonstrate that DAOM 31220, isolated from 
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decay in Pinus banksiana, is Stereum pini since single spore cultures from it 
are interfertile with those of DAOM 30521, a sporophore of that species. 


Tables typical of those showing sterility in intercollection pairings are 
presented in Figs. 5 to 7. Fig. 5 shows the negative results obtained when 
monosporous mycelia of DAOM 30522, a sporophore of Peniophora septent- 
rionalis on Pinus contorta var. latifolia, were paired with those of DAOM 
30521, a fruit body of Stereum pini on the same host. Figs. 6 and 7 show the 
failure of DAOM 31230, an unidentified culture from saprot in Pinus bank- 
siana, to pair with either Pentophora septentrionalis or Stereum pini. 


A summary of all the interfertility tests is presented in Fig. 8, where a plus 
sign (+) summarizes results such as those shown in Figs. 2 to 4, in which all 
pairings produced hyphae bearing clamp connections, a minus sign (—) 
summarizes a table such as those shown in Figs. 5 to 7, where complete sterility 
occurs, and the symbol (+) indicates partial fertility, a condition observed 
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Fic. 8. Results obtained by pairing in all possible combinations, series of monos- 
porous mycelia from different sporophores of Stereum pini, Peniophora septentrionalis, 
P. pithya, P. separans, P. cinerea, and Fungus T, (+) indicating complete fertility, 
(—) complete sterility, (+) partial fertility, (X<) formation of rare clamp connections. 
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only in pairings between various unidentified isolates from saprots in Pinus 
banksiana, which will be discussed later. On the evidence from the inter- 
fertility tests, 11 isolates from decay were determined as Peniophora septen- 
trionalis and these, along with four isolates from sporophores, were made the 
basis for the description of cultural characters of the species and the standard 
for comparison for other isolates tentatively assigned to it. Similarly, eight 
isolates from rots were identified as Stereum pini and these, with four isolates 
from sporophores, were used in determining the cultural characters of the 
species. Two isolates from decays in Picea spp. were interfertile with an 
isolate of Peniophora pithya from a sporophore on Picea mariana. Finally, 
five isolates from saprots in Pinus banksiana were intersterile with all the test 
species and remain unidentified. 


Identification of Sporophores 


Eriksson (8) recognized six ‘‘species-groups’’ among the Swedish repre- 
sentatives of the Peniophora Sect. Coloratae. P. septentrionalis and P. pithya, 
treated in the present paper, belong to his P. cinerea-group, which was 
separated from other ‘‘species-groups’”’ by having cystidia, no dendrophyses, 
dull-colored fructifications, and “spores cylindrical, curved, length: breadth 
2.5-3:1”. In Sweden, four species of the P. cimerea-group occurred on 
conifers but, to date, two of these, P. piceae (Pers.) J. Eriksson and P. juniperi- 
cola J. Eriksson, have not been recognized in Canada. Burt (6) reported 
P. cinerea on coniferous hosts and a number of collections from conifers in the 
herbaria of the Department of Agriculture, Ottawa, and the Department of 
Botany, University of Toronto, had been so determined. On re-examination 
these have been referred to other species in the P. cimerea-group. It is 
possible that P. cinerea in North America may be restricted to broad-leaved 
trees as it is in Sweden, according to Eriksson (8). P. separans could be 
included in the P. cinerea-group as defined by Eriksson and Stereum pini would 
be excluded only because its spore deposits lack the red color considered to be 
characteristic of the Peniophora Sect. Coloratae. A key for the identification 
of these four species which are known to occur on conifers in Canada follows. 


1. Gloeocystidia numerous, from globose to ovoid to elongate; usually on Pinus spp....... ; 


Gloeocystidia, if present, all elongate; usually on hosts other than Pinus spp........... 2 
Basidiospores shorter, up to 7.Ou in length......................06. Peniophora pithya 
3. Hyphae nodose-septate, usually distinct; margin white........ Peniophora septentrionalis 


Hyphae simple-septate, cemented together; margin not differentiated or darker........ 


Identification of Cultures 


The cultural characters of the four species, Stereum pini, Peniophora 
septentrionalis, P. pithya, and Fungus T, which have been isolated from decays 
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in trees, and of P. separans are described, with a key for their identification. 
As in my previous studies, the cultures were grown for six weeks on 1.25% 
Difco malt agar, in the dark, at room temperature, and for one week on malt 
agar to which 0.5% gallic or tannic acid had been added. Descriptive terms 
have been used as they were defined in an earlier paper (15) and colors have 
been designated according to the Munsell Book of Color (13). The descriptions 
have been prepared to conform with those in my previous publications (14, 15). 
Considerable variation was observed between individual isolates of the same 
species and between successive plantings of the same isolate, and an attempt 
was made to include this range in the descriptions and to express it in the key 
patterns. The key pattern consists of 11 digits, each referring to a specific 
diagnostic character, the actual digit expressing the precise meaning assigned 
to it in my earlier paper (15). Thus the first digit refers to the host, ‘'1” 
indicating that the host is a broad-leaved tree, ‘‘2’’ that it is a coniferous tree; 
the second digit refers to the color of the mycelial mat, ‘‘1’’ indicating that it 
remains white or pale for six weeks, ‘‘2”’ that it becomes yellow or brown, at 
least when mature. In the third column, “1”’ denotes the presence of a 
diffusion zone on media containing gallic or tannic acid, “2’’ denotes the 
absence of a diffusion zone. The digit in the fourth column refers to the 
septation of the hyphae, ‘‘1” indicating that clamp connections are regularly 
present on hyphae in all parts of the mat, although fiber hyphae lacking them 
may occur, ‘2’ indicating that there are simple septa on all hyphae, “3” 
indicating that hyphae of the advancing zone have simple septa and those of 
the older part of the mat have clamp connections, and “4” indicating that 
multiple clamp connections are present, at least in the advancing zone. In 
column five, the numbers ‘‘0” to ‘8’ show the presence of various types of 
special structures, “‘1’’ denoting cystidia or gloeocystidia, while the number 
“9” shows the absence of any such special structures. The next three columns 
refer to chlamydospores, conidia, and oidia in that order, ‘‘1” indicating their 
presence, ‘‘2’’ their absence. Digits in the ninth column express the rate of 
growth, ‘‘1’’ meaning “rapid, plates covered in one to two weeks’’, ‘2’ 
“moderately rapid, plates covered in three to four weeks’’, ‘‘3”’ “slow, plates 
covered in five to six weeks’’, and ‘4’ “very slow, plates not covered in six 
weeks”. In the 10th column, ‘1” indicates fruiting before the end of six 
weeks, ‘2’, no fruiting. The last column describes the effect on the agar, 
“1”" indicating that the reverse is brown, at least in part, before the end of 
six weeks, ‘‘2’’ that it is unchanged or nearly so, and ‘‘3” that the reverse is 
bleached, more or less completely, before the end of six weeks. 

The key for the identification of cultures of wood-rotting fungi presented in 
my earlier paper (15) consists of the key patterns arranged in ascending 
numerical order and additions to the key may be made by inserting key 
patterns for species as they are described. The key patterns for the species 
described in the present paper along with identical key patterns for species 
previously described are similarly arranged in the following auxiliary key. 
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AUXILIARY KEY FOR THE IDENTIFICATION OF CULTURES 


Host 

Color 

— Reaction 

Septation 

Spec. structures 
Chlamydospores 
t Conidia 

ww Oidia 

— = Growth rate 
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OF WOOD-ROTTING FUNGI 


2 
= 
1 2 Gloeocystidia numerous..... Stereum pini 
Gloeocystidia rare, restricted to sporophores........... 
1 2 Cystidia elongate, restricted to sporophore; many 
hyphae with walls gelatinously modified; gloeo- 
cystidia numerous; basidiospores narrow, 6.3-8.4 X 
2.1; strong odor of dried cocoanut; usually on 
Cystidia elongate, restricted to sporophores; hyphae 
without gelatinously modified walls but frequently 
narrow with coiled tips, especially in young growth; 
gloeocystidia numerous; basidiospores usually broader 
than in S. pini, 6.3-8.4 X 2.1-2.8u; noodor; rarely 
Cystidia elongate, restricted to sporophores; hyphae 
without gelatinously modified walls but with con- 
spicuous knots or bulbils; gloeocystidia rare, usually 
restricted to sporophores; basidiospores shorter than 
in 6.3-7.0 X 2.8; strong odor of 
10doforM........... .Peniophora pithya 
Cystidia capitate, on aerial 
2 2 2 Gloeocystidia numerous; no cystidia; many hyphae 


with walls gelatinously modified ; strong odor of dried 
Gloeocystidia numerous; no cystidia; hyphae without 
gelatinously modified walls but frequently narrow 
with coiled tips, especially in young growth; no odor; 
rarely on Pinus spp....... Peniophora septentrionalis 
Gloeocystidia rare, no _ cystidia; hyphae without 
gelatinously modified walls but with conspicuous knots 
or bulbils; strong odor of iodoform................ 
Gloeocystidia lacking; capitate cystidia numerous.... . 
Polyporus pargamenus 


2 2 2 2 2 3 Cystidia lacking, gloeocystidia numerous. 


2 2 Fiber hyphae lacking........ Fungus T 
Fiber hyphae numerous...... Lenzites betulina 


Polyporus hirsutus 
Poria subacida 
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AUXILIARY KEY FOR THE IDENTIFICATION OF CULTURES 
OF WoOoD-ROTTING FuNGI—Concluded 


8 
28 
2111 9 2 2 2 2 2 2 Fiber hyphae lacking........Peniophora pithya 


Fiber hyphae present........ Collybia radicata 
Lenzites betulina, etc. 
2 3 Fiber hyphae lacking; clamp connections rare......... 
Fiber hyphae present; clamp connections present on all 
thin-walled hyphae........ Polyporus versicolor 
Poria subacida 
1 
1 
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2 Gloeocystidia numerous. ... . Stereum pini 
Gloeocystidia rare, restricted to sporophores 

Fungus T 

1 
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2 Hyphae with walls frequently gelatinously modified; 
gloeocystidia numerous; basidiospores narrow, 6.3- 
8.4 X 2.1; strong odor of dried cocoanut; usually 
on Pinus spp..... . Stereum pini 
Hyphae without gelatinously modified walls but fre- 
quently narrow with coiled tips, especially in young 
growth; gloeocystidia numerous; basidiospores usually 
broader than in S. pini, 6.3-8.4 XK 2.1-2.8yu; no 
Hyphae without gelatinously modified walls but with 
conspicuous knots or bulbils; gloeocystidia rare, 
restricted to sporophores; basidiospores shorter than 
in preceding species, 6.3-7.0 K 2.8u; strong odor 
Peniophora pithya 
2 2 Gloeocystidia numerous; no cystidia; many hyphae 
with walls gelatinously modified; strong odor of dried 
cocoanut; usually on Pines app........ 
Gloeocystidia numerous; no cystidia; hyphae without 
gelatinously modified walls but frequently narrow 
with coiled tips, especially in young growth; no odor; 
rarely on Pinus spp.......Peniophora septentrionalis 
Gloeocystidia rare; no cystidia; hyphae without 
gelatinously modified walls but with conspicuous 
knots or bulbils; strong odor of iodoform 
22 
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Stereum pini 


Stereum pini, first described by Schleicher and recognized by Fries (9), 
appears to be widely distributed in Europe, especially on Pinus sylvestris and 
P. nigra. According to Bourdot and Galzin (4) it fruits rather frequently on 
branches still attached and causes a white rot “trés peu active et peu 
apparente”’. Tchernetzkaya (20), in reporting a phytopathological investiga- 
tion of the forests of a region of the Caucasus, recorded that in an association 
of pines, chiefly Pinus sylvestris and P. montana, the fungi considered to be 
most important on the trunks were Polyporus pinicola, Stereum pini, and 
Trametes pint. 

Burt (5) recorded only two collections of Stereum pini from America, one 
from New Hampshire and one from Maine, both on Pinus resinosa. He 
concluded that the species was of rare occurrence. Overholts (18) agreed 
that it was apparently not a common species but he extended the geographical 
range to include Pennsylvania, Massachusetts, New York, Quebec, and 
Ontario and the host range to include Pinus strobus and other species of pine. 
The apparent rarity of the species is confirmed by the fact that there are only 
12 collections of sporophores in the mycological herbaria of the Department 
of Agriculture, Ottawa and the Department of Botany, University of Toronto. 
These collections, on Pinus strobus, P. resinosa, P. sylvestris, and P. contorta 
var. /atifolia prove the occurrence of the species as far west as central British 
Columbia. 

Recognition of the frequent association of Stereum pini with decay or stain 
in living and recently killed trees of various species of pine came with the 
application of the cultural method. In the period 1947 to 1953, 149 cultures 
isolated at various Forest Pathology Laboratories during decay studies on 
living or recently killed trees and submitted for identification, were assigned 
to S. pini. These included four from Pinus strobus and 81 from P. banksiana 
in Ontario, 61 from P. contorta var. latifolia in Alberta, one from Pinus sp. in 
British Columbia, one from Picea glauca in Alberta, and one from Pseudotsuga 
taxifolia in British Columbia. These numbers are an indication that the 
species occurs frequently but are no measure of its actual incidence or 
importance. 

The known Canadian host range, based on identification of sporophores 
and of isolates from decay, includes five species of pine and Picea glauca and 
Pseudotsuga taxifolia. All studies of decay in living Pinus contorta var. 
latifolia in Alberta have yielded numerous isolates of Stereum pint. Froma 
study at Seebe, Alberta, in 1950, of decay in four coniferous species, Denyer 
and Riley (7) recorded it from seven of the 15 trunk rots encountered in 
lodgepole pine and as having caused 3.7% of the total decay volume in the 
four species. Nordin, Sutton, and Heming (17) reported the isolation of 
“Unknown L”, the name used to designate cultures of Stereum pini before 
their identity was known, from 85% of the red-stained heartwood in lodgepole 
pine in plots near Strachan, Nordegg, and Water Valley, Alberta. Similarly, 
cull studies on Pinus banksiana in Ontario have shown the frequent occurrence 
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of Stereum pini in that host. In Pinus strobus, on the other hand, the 
extensive investigation of decay in living trees, made by White (22), yielded 
only three isolates of Stereum pint, which indicates that in this host, at least in 
the areas included in the study, S. pini is of minor importance. 

The records of the occurrence of Stereum pini on Picea glauca and 
Pseudoisuga taxifolia are included with some hesitation since it has been 
believed that the fungus is specific to Pinus spp. As shown in Fig. 8, the 
isolate from Picea glauca, DAOM 31215, and that from Pseudotsuga taxifolia, 
DAOM 31216, were interfertile and each was interfertile with cultures of 
Stereum pini. Hence the identity of the cultures is not in doubt. The isolate 
from Picea glauca, under the number F456-18.7-5 was one of a series submitted 
by Dr. C. G. Riley of the Forest Pathology Laboratory at Saskatoon following 
an investigation of decay in that host at Slave Lake, Alberta. The cultures 
from tree 456 included two of Fomes pini from a sample at 10.8 ft. and one 
of F. pini and one of Stereum pini from a sample at 18.7 ft. Dr. Riley (in 
litt.) stated that “‘no pine occurred in the region being sampled at that time’’. 
Hence the identity of the host is correct. The culture from Pseudotsuga 
taxifolia, DAOM 31216, was one of a group of three isolated from ‘‘red stain” 
or ‘“‘red heart stain” in this host by a member of the British Columbia Forest 
Service staff and submitted to the Forest Pathology Laboratory at Victoria for 
identification. Two of these isolates proved to be Peniophora septentrionalis, 
one Stereum pini. Again the identity of the host appears to be beyond doubt. 
A source of error in transcribing culture numbers or in interchanging cultures 
is possible but extremely unlikely. Therefore the records of Stereum pini on 
Picea glauca and Pseudotsuga taxifolia appear to be acceptable. 


oF Rot 


The decay associated with Stereum pini in lodgepole pine was described by 
Denyer and Riley (7) as “brown ray rot. In cross section the incipient stage 
occurs as a central core, typically with short radiating ‘fingers’ around the 
periphery. The incipient stage is similar to that caused by Fomes pini, but 
the color is brownish rather than reddish and the stain stage of Fomes pini 
decay does not have a radiating character. The advanced stage of the decay 
caused by this fungus has not been identified.’’ An illustration of the red 
stain is given by Nordin (16). When samples of Pinus banksiana, which had 
yielded Stereum pini, were examined at the Forest Pathology Laboratory, 
Toronto, they showed a similar radiating, pale reddish-brown stain, apparently 
considerably faded from the fresh condition. In field notes the condition 
was described as “trunk red heart’’ and was usually attributed to Fomes pini 
on the basis of visual examination. Only three samples from which Stereum 
pini was isolated showed advanced decay, of the stringy type. Under 
laboratory conditions, S. pini produced a similar reddish-brown stain and 
yellow stringy rot in Pinus banksiana and P. contorta var. latifolia. Sterilized 
blocks, about 1 X 1 X 2 inches, of heartwood of the two species and twigs 
of the latter species were piaced in 250 and 500 cc. flasks on malt agar slants 
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that had been inoculated previously with cultures of Stereum pini. These 
were kept at room temperature for one year. All blocks showed a reddish- 
brown stain, about 2.5YR4/5 to 6/10, in that portion kept moist by contact 
with the agar, and most showed more or less extensive areas extending in from 
the end of the block, of pale yellow stringy rot. Several of the twigs were 
completely rotted, the advanced decay being of the yellow, fine stringy type. 
The incipient stage of decay caused by Stereum pini is, therefore, a reddish- 
brown stain in the heartwood, typically with short radiating extensions around 
the periphery, the advanced stage a yellow, fine stringy rot. 


DESCRIPTION OF CULTURES 
Stereum pini (Schleich. ex Fr.) Fr. 
KEY PATTERN: 2 (1,2) 1 1 1 2 2 2 (1,2) (1,2) (1,2) 
CULTURES EXAMINED: See Table I 


CULTURAL CHARACTERS: (Figs. 12, 13, 22 to 29) 


GROWTH CHARACTERS.—Growth usually rapid, the plates covered in two weeks, rarely 
moderately rapid, the radius 7.4-8.0 cm. in two weeks, the plates covered in three weeks. 
Advancing zone even, slightly raised to limit of growth. Mat variable, white at first and 
remaining so or becoming buffy brown in small irregular areas, 10.0YR7/4 to 7.5YR6/8, 
frequently dotted with reddish-brown resinous material, 7.5YR5/6 in color, at first slightly 
raised, sparse cottony-floccose to woolly-floccose, soon becoming appressed, the newer growth 
remaining woolly-floccose to floccose, the tufts scattered or crowded to form an almost con- 
tinuous felty surface in some areas, or in reticulate arrangement, especially in colored areas, 
with some larger tufts or balls of cottony-woolly mycelium in some isolates, the older growth 
thinner, fine woolly to subfelty, frequently farinaceous to minutely tufted around the inoculum, 
the tufts usually along short radiating lines, with sparse cottony-woolly mycelium against side 
wall; fruiting areas produced in some isolates after three or more weeks over waxy granules 
which may coalesce to form small continuous fruit bodies, pale buff to pink, 10.0YR7/4 to 
7.5YR7/4. Reverse unchanged or, occasionally, with irregular brown areas, 10.0YR6/4 to 
6/6 to 7.5YR6/6 to 5/8, in some isolates. Odor suggesting dried, shredded cocoanut fairly 
strong in most isolates after three or four weeks. On gallic acid agar diffusion zone moderately 
strong to strong, growth lacking or limited to a trace; on tannic acid agar diffusion zone 
moderately strong, diameter 3.5-5.0 cm. 


HYPHAL CHARACTERS.—Advancing zone: hyphae hyaline, nodose-septate, frequently 
branched, usually between septa, 2.1—4.9y diameter (Fig. 22). Aerial mycelium: (a) hyphae 
as in advancing zone, frequently coiled (Fig. 23), those from brown mycelium with brown 
opaque contents, those from older parts frequently with walls thick and non-staining, rough, 
appearing to be gelatinously modified (Fig. 24); (6) gloeocystidia numerous, terminal, varying 
in shape from narrow, hypha-like to clavate or irregular, frequently with a lateral swelling which 
causes the gloeocystidium to become curved or boomerang-shaped, conspicuous because of 
deeply stained contents and yellowish oily inclusions (Fig. 25). Fruit body: (a) hyphae as in 
aerial mycelium, frequently empty, non-staining, with walls gelatinously modified or with 
walls brown and contents stained in phloxine; (b) gloeocystidia numerous, deeply stained, 
with yellowish oily inclusions, ovoid to pyriform in subhymenium, 17.6-26.0 K 9.3-20.2u, 
becoming elongate in the hymenium, up to 54.0-63.0 X 5.6-7.7u (Fig. 26); (c) cystidia 
numerous, cylindrical with apex rounded or pointed, frequently contorted at the base, incrusted 
over apical portion, immersed or projecting slightly, 31.0-50.0(—70.0) X 6.2-12.4y (Fig. 
27); (d) basidia slender, elongate, 28.0-31.0 X 4.9-5.6yu, bearing four spores (Fig. 28); 
(e) basidiospores hyaline, even, cylindrical, slightly curved, 6.3-8.4 X 2.1 (Fig. 29). 


Fics. 9 to 17. Cultures grown on malt agar in the dark. Fics.9to11. Peniophora 
septentrionalis. Fic. 9. DAOM 22983, two weeks old. Fic. 10. DAOM 22983, six weeks 
old. Fic. 11. DAOM 30522, six weeks old. Fics. 12,13. Stereum pini, DAOM 30466. 
Fic. 12. Two weeks old. Fic. 13. Six weeks old. Fic. 14. Fungus T, DAOM 31229, 
six weeks old. Fics. 15,16. Peniophora separans, DAOM 30515. Fic. 15. Two weeks 
old. Fic. 16. Six weeks old. Fic. 17. Peniophora pithya, DAOM 31303, six weeks old. 

Fics. 18 to 21. Sections through sporophores. X75 approx. Fic. 18. Peniophora 
septentrionalis. FiG.19. Stereum pini. Fic.20. Peniophora pithya. Fic.21. Penio- 
phora separans. 
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Fics. 22 to 54. Microscopic structures from fungus cultures. All X 425 except 28, 29, 
36, 37, 43, 44, 53, and 54, X 775. Fics. 22 to 29. Stereum pini. Fic. 22. Hyphae from 
advancing zone. Fic. 23. Coiled hypha from aerial mycelium. Fic. 24. Hyphae with 
gelatinously modified walls. Fic. 25. Gloeocystidia from mycelium. Fic. 26. Gloeo- 
cystidia from sporophore. Fic. 27. Cystidia. Fic. 28. Basidia. Fic. 29. Basidiospores. 
Fics. 30 to 37. Peniophora septentrionalis. Fic. 30. Hyphae from advancing zone. 
Fic. 31. Narrow hyphae with coiled tips. Fic. 32. Gloeocystidia from mycelium. 
Fic. 33. Gloeocystidia from sporophore. Fic. 34. Cystidia. Fics. 35, 36. Basidia. 
Fic. 37. Basidiospores. Fics. 38 to 44. Peniophora pithya. Fic. 38. Hyphae from 
advancing zone. Fic. 39. Gloeocystidia from mycelium. Fic. 40. Knots of mycelium. 
Fic. 41. Cystidia. Fic. 42. Gloeocystidia from sporophore. Fic. 43. Basidia. Fic. 44. 
Basidiospores. Fics. 45 to 48. Peniophora separans. Fic. 45. Hyphae from advancing 
zone. Fic. 46. Hyphae from aerial mycelium. Fic. 47. Hypha coated with crystals. 
Fic. 48. Narrow, much-branched hyphae. Fics. 49 to 54. Fungus T. Fic. 49. Hyphae 
from advancing zone. Fic. 50. Narrow, much-branched hyphae. Fic. 51. Cystidia. 
Fic. 52. Gloeocystidia. Fic. 53. Basidia. Fic. 54. Basidiospores. 
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Fics. 55 to 86. Microscopic structures from sporophores. All xX 425 except 61, 62, 
69, 70, 78, 79, 85, and 86, X 775. Fics. 55 to 62. Stereum pini. Fic. 55. Hyphae from 
horizontal layer. Fic. 56. Brown hyphae from subhymenium. Fic. 57. Gloeocystidia. 
Fic. 58. Hypha from hymenium. Fic. 59. Cystidia. Fics. 60,61. Basidia. Fic. 62. 
Basidiospores. Fics. 63 to 70. Peniophora separans. Fic. 63. Hyphae from. horizontal 
layer. 1G. 64. Hyphae from transition zone. Fics. 65 to 67. Cystidia. Fic. 65. 
Cystidia from brown layer. Fic. 66. Cystidia from hymenium. Fic. 67. Immature 
cystidia. Fics. 68,69. Basidia. Fic. 70. Basidiospores. Fics. 71 to 79. Peniophora 
septentrionalis. FiG.71. Thin-walled hyphae from young sporophore. Fic. 72. Thick- 
walled hyphae. Fic. 73. Thick-walled hyphae at base of vertical layer. Fic. 74. 
Brown hyphal tips from colored zone. Fic. 75. Gloeocystidia. Fic. 76. Cystidia. 
Fics. 77, 78. Basidia. Fic. 79. Basidiospores. Fics. 80 to 86. Peniophora pithyt. 
Fic. 80. Non-staining hypha from bark supporting sporophore. Fic. 81. Brown 
hyphae from horizontal and vertical layers. Fic. 82. Stained hypha from subhy- 
menium. Fic. 83. Cystidia. Fics. 84,85. Basidia. Fic. 86. Basidiospores. 


Cultures of Stereum pini may vary in four of the characters used for diagnosis 
and therefore, since provision must be made for all possible combinations of 
the variable characters, 16 key patterns for the species must be inserted in 
the key. Of these, six are identical with key patterns for other species and 
descriptive keys to facilitate their separation have been inserted. The usual 
restriction of S. pini to pine, the presence of hyphae with thick, gelatinously- 
modified walls, and the characteristic cocoanut odor of most isolates should 
make it possible to recognize cultures of this species. 


DESCRIPTION OF SPOROPHORES 


The description of sporophores of Stereum pini is based on the 12 Canadian 
collections in the mycological herbaria of the Department of Agriculture, 
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Ottawa, and the Department of Botany, University of Toronto, along with 
three collections from Pennsylvania determined by L. O. Overholts and three 
from Sweden. Excellent descriptions, adequate for identification, are 
available in publications on Stereum by Burt (5) and Overholts (18). The 
following description adds little to theirs but is included in order to facilitate 
the comparison of this species and others to be discussed. 


Stereum pini (Schleich. ex Fr.) Fr. (Figs. 19, 55 to 62) 


Sporophores at first small, orbicular, gregarious, becoming lobed, occasionally coalescing 
but never widely effused, the margin at first fimbriate, whitish, becoming concolorous, remain- 
ing adherent or slightly reflexed, the hymenial surface, when dry, gray with tinges of red or 
purple, smooth or tuberculate. 

In section 130-368 (Fig. 19), conforming closely to the substrate, bordered above by a 
narrow brown zone up to 15y broad, with the hyphae arranged horizontally in a broad colorless 
zone 60-2004 or more wide, then curving abruptly to form a vertical zone 70-95y wide, 
colorless except for narrow brown band at base of basidia. 

Hyphae nodose-septate, those in the horizontal layer hyaline with thick, non-staining 
walls, probably gelatinously modified, and narrow lumen conspicuous because of deeply stained 
contents, 3.5-5.6u diameter (Fig. 55), those in vertical layer similar, giving rise to short 
lengths of thin-walled hyphae 2.1—2.8y diameter (Fig. 58), bearing terminal basidia or develop- 
ing light brown walls so thick that lumen is reduced or obliterated, irregular, with contorted 
tips forming a conspicuous zone at base of vertical layer (Fig. 56). Gloeocystidia (or vesicular 
bodies according to the terminology used for Stereum spp.) numerous in zone of transition from 
horizontal to vertical arrangement of hyphae and occasionally extending between basidia, 
conspicuous because of deeply stained contents, usually with oily inclusions, globose to ovoid 
or clavate or, rarely, fusiform, the walls at first thin, becoming slightly thickened, variable in 
size, 15.0-46.0 X 6.3-18.7u (Fig. 57). Cystidia rare to numerous in vertical layer, embedded 
or projecting slightly, colorless, fusiform, the terminal portion thick-walled, incrusted, the 
incrustation soon disappearing in aqueous KOH, the basal portion with walls slightly thickened, 
23 .0-39.0(—54.0) 7.8-12.4y (Fig. 59). Basidia forming a compact hymenium, long, 
slender, flexuous, subtended by a clamp connection, 3.5-4.2u4 diameter, up to 35.0u long, 
bearing four spores (Figs. 60,61). Basidiospores hyaline, even, minutely apiculate, cylindrical, 
slightly curved, 6.3-7.7 2.1m (Fig. 62). 


Peniophora septentrionalis 


Peniophora sepientrionalis, unlike Stereum pint, has a short recorded history. 
The species was first recognized and described in 1939 by Laurila (10) from 
collections on Picea excelsa in Finland. Eriksson (8) included it in his 
treatment of Peniophora Sect. Coloratae and listed 10 collections from 
northern Sweden, all on Picea abies. He also noted its occurrence in Canada, 
a collection having been sent him by the late Professor H. S. Jackson. The 
first report of the association of Peniophora septentrionalis with decay was 
published by Denyer and Riley (7) in 1953. 

Canadian records of Peniophora septentrionalis include 10 collections of 
sporophores in the mycological herbaria of the Department of Agriculture, 
Ottawa, and the Department of Botany, University of Toronto, and 98 
isolates from decays. These records show that the species occurs from 
Newfoundland to central British Columbia, its range roughly coinciding with 
that of Picea glauca and P. mariana. Eriksson has stated that it is confined 
to the northern district of Sweden and Finland and it appears to be plentiful 
in Canada in the northern or montane regions in which white or black spruce 
occur. This northern range may account for the fact that no sporophores 
were collected before 1947 and that only 10 collections have been made to date. 
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Eriksson (8) recorded Peniophora septenirionalis only on Picea spp. and 
nine of the 10 sporophore collections and 94 of the 98 isolates from decay in 
Canada have been from spruce. The fungus has been isolated from 66 samples 
of decay in Picea glauca, from 20 of P. mariana, four of P. engelmanni, two 
from P. rubens, two from Picea sp., and sporophores have been collected on 
P. glauca and P. mariana. There are no records of its occurrence on 
P. sitchensis although many isolates of other species from this host were 
identified in connection with the decay studies made by Bier, Foster, and 
Salisbury (2). The occurrence of Peniophora septentrionalis on four hosts 
other than Picea spp. is recorded. In 1953 the fruit bodies collected on logs 
cut in 1950 at the Kananaskis Forest Experiment Station, Seebe, Alberta, 
during the decay studies reported by Denyer and Riley (7) included a small 
sporophore, DAOM 30522, with the pink surface and white margin charac- 
teristic of P. septentrionalis, on Pinus contorta var. latifolia, Log 268. Micro- 
scopic characters were found to agree with those of P. septentrionalis. Single 
spore cultures were isolated and these, as shown in Fig. 8, were interfertile 
with 11 isolates of P. septentrionalis and were intersterile with isolates of 
Stereum pini. Hence the fungus is Peniophora septentrionalis. To eliminate 
the possibility of error in host identification, the wood bearing the sporophore 
was examined by Mr. J. D. Hale of the Forest Products Laboratory, Ottawa, 
who confirmed its identity. Peniophora septentrionalis may occur, then, on 
Pinus contorta var. latifolia, as Stereum pini may occur on Picea glauca so that 
host specificity cannot be relied on completely in identifying these fungi. 
One isolate, DAOM 31228, from decay in Abies balsamea in Newfoundland 
and one, DAOM 31223, from red heart in Pseudotsuga taxifolia in British 
Columbia were proved by interfertility tests, as shown in Fig. 8, to belong to 
P. septentrionalis. A second isolate from Pseudotsuga taxifolia and one from 
Abies lasiocarpa failed to produce fruit bodies in culture but were assigned to 
P. septentrionalis on the basis of their cultural characters. Large numbers of 
isolates from decays in these hosts were examined in connection with investi- 
gations carried out by Bier, Salisbury, and Waldie (3) on Abies lasiocarpa, by 
Basham, Mook, and Davidson (1) on A. balsamea, and by Thomas and Thomas 
(21) on Pseudotsuga taxifolia. No additional isolates from these studies were 
assigned to Peniophora septentrionalis. It appears, therefore, that in Canada 
this species occurs frequently on Picea spp. other than P. sitchensis but is 
of rare occurrence on other coniferous hosts. 


Type or Rot 


The source of cultures identified as Peniophora septentrionalis is most 
frequently described in the field notes as a trunk or butt stain, the colors 
ranging from pink to red or reddish, purple-brown or brown. Rarely a white 
pitted or pocket rot was present. On the basis of visual examination, the 
cause of the stain or decay was often attributed to Fomes pini, Polyporus 
circinatus, or Stereum sanguinolentum. Denyer and Riley (7) stated that 
Peniophora septentrionalis ‘‘causes a trunk rot which closely resembles that 
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caused by Stereum sanguinolentum. Separation of the two decays cannot be 
made with assurance on the basis of appearance”. Samples which had yielded 
Peniophora septentrionalis were examined at the Forest Pathology Laboratory, 
Toronto, and in these the rot was of the ring type, with incipient stages reddish- 
brown when fresh, fading when dried, in contrast to the radiating red heartrot 
caused by Stereum pini in pine. In the mycological herbarium, Department 
of Agriculture, Ottawa, the two samples of Picea mariana from which the 
original isolations of Peniophora septentrionalis were made in 1941, also show 
the ring type of decay. However, this character was not mentioned in field 
notes and may not be consistent. 

The economic importance of the fungus can be assessed only as the forest 
pathologists make the correlation between the isolates now known to be 
P. septentrionalis and the decays from which they were isolated. Such a 
correlation was made by Denyer and Riley (7) who, in their preliminary study 
of Picea glauca at Seebe, Alberta, recorded Peniophora septentrionalis from 
three infections and attributed 5.2% of the total decay volume to it. 


DESCRIPTION OF CULTURES 


Peniophora septentrionalis Laurila 

Key PATTERN: 2 (1,2) 1 11 2 2 2 2 (1,2) (2,3) 
CULTURES EXAMINED: See Table I 

CULTURAL CHARACTERS: (Figs. 9 to 11, 30 to 37) 


GROWTH CHARACTERS.—Growth moderately rapid, radius up to.8.6 cm. in two weeks, 
plates covered in three weeks. Mat variable, mainly white but usually becoming reddish 
brown to dull brown, 10.0YR6/4 and 7.5YR6/6 to 5/6, in some areas on mycelium growing 
against side wall after two to three weeks, at first slightly raised, woolly-floccose, collapsing 
around inoculum after one week, leaving agar exposed or covered with thin subfelty or 
floccose mycelium, the exposed agar persisting in some isolates, in other isolates the subfelty 
mycelium extending over whole surface but remaining thin with growth mainly within the 
agar, smooth, having the partially translucent appearance of tissue paper, frequently with 
overgrowth of small to large tufts of mycelium usually along branching and anastomosing lines 
in reticulate arrangement, covering whole surface or limited to certain zones or to area of 
newest growth, with abundant cottony to woolly mycelium grown against side wall to top; 
fruiting areas produced in some cultures after five or more weeks, small, slightly raised, with 
surface waxy, pale pinkish-buff, 2.5YR7/4 to 8/4, to pale orange, 7.5YR7/4, with narrow 
white border. Reverse usually bleached, at least in part, more rarely unchanged, with or 
without light brown areas, 10.0YR5/8 to 6/8. Odor lacking or slight, sweet. On gallic acid 
agar diffusion zone strong, trace of growth to 2.0 cm. diameter, on tannic acid agar diffusion 
zone moderately strong to strong, diameter 3.0-4.9 cm. 


HyYPHAL CHARACTERS.—Advancing zone: hyphae hyaline, nodose-septate, branched 
between septa usually, 2.1-4.9 diameter (Fig. 30). Aerial mycelium (sparse, mounts taken 
from tough, rubbery surface layer of agar): (a) hyphae as in advancing zone, occasionally 
lightly incrusted, those from brown mycelium against side wall with wall and contents brown, 
those in the older part of the mat frequently empty, non-staining, the walls slightly thickened, 
forming tough network traversed by similar hyphae with contents that stain; (b) gloeocystidia 
numerous, conspicuous because of deeply stained contents, terminal or formed as a lateral 
swelling from an intercalary cell, with yellowish oily inclusions, variable in size and shape 
(Fig. 32); (c) in newer growth narrow hyphae, 0.7-1.4u diameter, with pronglike branches 
often arising from slight bulbous swellings, soon becoming non-staining, the stain being retained 
longest in the swellings, with tips coiled to form masses in which the hyphal walls are no longer 
distinct, forming part of tough, non-staining surface layer (Fig. 31). Fruit body: (in section 
up to 230m thick, composed of basal layer of loosely-arranged, interwoven hyphae, bearing 
erect hymenial layer up to 100u wide.) (a) nodose-septate hyphae as in aerial mycelium, 
frequently irregularly swollen, the walls occasionally gelatinously modified; (b) cystidia 
numerous at all levels, wholly immersed or projecting slightly, clavate or conical, the basal 
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portion occasionally brown, with walls thickened but with lumen visible and usually stained, 
the terminal portion opaque without visible lumen, incrusted with fine to coarse crystals, 
23.0-62.0 X 6.2-12.4u (Fig. 34); (c) gloeocystidia numerous, especially in immature 
sporophores, conspicuous because of deeply stained contents with highly refractile granular 
or oily inclusions, cylindrical with rounded or, more rarely, pointed tip, flexuous, the walls 
thin or slightly thickened at base, 21.0-78.0 X 4.5-9.3u (Fig. 33); (d) basidia long, project- 
ing when in fruit, 4.9-6.0u diameter, bearing four spores (Figs. 35, 36); (e) basidiospores 
hyaline, even, cylindrical, flattened on one side, slightly curved, 6.3-8.4 X 2.8 (Fig. 37). 


DESCRIPTION OF SPOROPHORES 


The description of sporophores is based on the 10 Canadian collections in 
the mycological herbaria of the Department of Agriculture, Ottawa, and the 
Department of Botany, University of Toronto, four of which were determined 
by John Eriksson, and one from Sweden (No. 3116) in the Department of 
Botany, University of Toronto Herbarium, which was collected and cited by 
Eriksson (8). The present description agrees in all except minor details with 
Eriksson's and is included only to facilitate comparison with other species and 
to make a description readily available to Canadian mycologists. 


Peniophora septentrionalis Lauriia (Figs. 18, 71 to 79) 


Sporophores at first small, orbicular, and remaining so in collections on Picea mariana 
and Pinus contorta var. latifolia, coalescing and becoming widely effused over large areas in 
collections on Picea glauca, at first adherent, later frequently loosening at the margin, when 
fresh pinkish or reddish, fading on drying to pinkish-gray or violaceous, 2.5R7/2 to 8/2 or 
brownish-gray, 7.5YR6/2 to 7/2, the margin usually white and conspicuous, the surface 
smooth or with slightly raised ridges or knobs. 

In section 268-320 (Fig. 18), consisting of a broad basal layer, 160—-260u wide, in which 
hyphae are horizontally arranged, brown in zone up to 20u4 wide next substrate, colorless 
elsewhere, and a layer 47-100 wide in which hyphae are vertically arranged, brown in 
transition zone up to 20u wide, becoming paler toward the hymenium. 

Hyphae nodose-septate, those in the horizontal layer 2.8-4.2u diameter, densely inter- 
woven but the individual hyphae remaining distinct, at first thin-walled (Fig. 71) with contents 
stained in phloxine, the majority soon empty, with walls more or less thickened, so that in 
section the horizontal layer is mainly unstained, occasionally traversed by a thin-walled hypha 
with stained contents (Fig. 72); in brown zone next substrate and in transition zone between 
horizontal and vertical layers hyphae thick-walled, brown, cemented to form a compact, 
parenchyma-like layer with a continuous zone of parallel, brown hyphal tips at base of basidia 
(Figs. 73, 74). Gloeocystidia (Fig. 75) fairly numerous in hymenium, frequently extending 
through whole vertical layer, thin-walled, the contents deeply stained, with oily inclusions, 
long and flexuous with obtuse apex, 49.0-84.0 X 6.3-7.7u. Cystidia (Fig. 76) numerous 
throughout vertical layer, at first thin-walled, pointed, with contents uniformly stained, the 
walls increasing in thickness until lumen is almost obliterated, colorless except for those 
cystidia or bases of cystidia in the brown layer (23.0-)35.0-70.0 & 7.7-15.6u. Basidia 
(Figs. 77, 78) long, slender, flexuous, subtended by a clamp connection, 4.9-6.3 diameter, 
up to 35.0u long, bearing four spores. Basidiospores (Fig. 79) hyaline, even, minutely 
apiculate, cylindrical, slightly curved, 7.0-10.5 X 2.5-2.8u(—3.5). 


Peniophora pithya 


Eriksson (8) has shown that Peniophora pithya (Pers.) J. Eriksson is the 
correct name to be applied to a fungus which had been considered to be specific 
to Picea spp. and had been assigned to Peniophora cinerea (Fr.) Cke. var. 
piceae Karst. or to P. cinerea (Fr.) Cke. var. piceae (Pers.) Bourd. & Galz. 
sensu Lundell. He has proved by interfertility tests that Corticium plumbeum 
Fr. (= Peniophora plumbea (¥r.) Karst.), described as restricted to Pinus spp., 
and certain collections on frondose trees, which he had at first thought to be a 
form of Penitophora cinerea, were conspecific with the fungus on Picea. He 


¥ 
wa 


BPOQD 


NOBLES: HYMENOMYCETES. III. 123 


concluded that Peniophora pithya may occur on various coniferous and broad- 
leaved trees but is “probably rare on substrates other than Picea and (in 
N. America) Pseudotsuga’’. 

Two Swedish collections of Peniophora pithya cited by Eriksson and two 
Canadian collections, TRT 15062 on Larix laricina, Oakland Swamp, Brant 
County, Ontario, October 9, 1939, and TRT 15260, on L. laricina, northwest 
of Gobles, Oxford County, Ontario, May 28, 1939, both collected by Dr. 
R. F. Cain, also determined by Mr. Eriksson, are in the Mycological 
Herbarium, Department of Botany, University of Toronto, and have been 
examined. Two additional Canadian collections, DAOM 31302, on Picea sp., 
Keswick Ridge, York County, New Brunswick, and DAOM 31303 on 
P. mariana, Doaktown, Northumberland County, New Brunswick, are 
identical with those determined by Eriksson and have been assigned to 
Peniophora pithya, bringing the number of Canadian collections to four. In 
addition, two isolates from decay in spruce, DAOM 31306 and 31307, listed 
in Table I, have been determined as P. pithya and the identifications confirmed 
by interfertility tests. 

Three further collections in the Mycological Herbarium, Department of 
Botany, University of Toronto, one on Picea glauca and two on Pseudotsuga 
taxifolia and all from British Columbia, were also identified as Peniophora 
pithya by Mr. Eriksson. The collections on Pseudotsuga taxifolia probably 
provided the evidence for his statement that Peniophora pithya occurs on this 
host in North America. A comparison of these collections with specimens of 
P. separans Burt show that they belong to that species rather than to P. pithya. 
The evidence for this change will be discussed under P. separans. 

Polysporous and monosporous cultures were obtained from DAOM 31303. 
The monosporous cultures were paired with monosporous cultures of 
P. septentrionalis and P. cinerea with negative results and with monosporous 
cultures from the two isolates from decay, DAOM 31306 and 31307, with 
positive results, as shown in Fig. 8. These results agreed with those obtained 
by Eriksson. The cultural characters of the polysporous culture and the two 
isolates from decay have been made the basis of the description that follows. 


DESCRIPTION OF CULTURES 


Peniophora pithya (Pers.) J. Eriksson 
Key PATTERN: 2 (1,2) 1 1 (1,9) 2 2 2 2 (1,2) 2 
CULTURES EXAMINED: See Table I 


CULTURAL CHARACTERS: (Figs. 17, 38 to 44) 


GROWTH CHARACTERS.—Growth moderately rapid, radius up to 8.3 cm. in two weeks, 
plates covered in three weeks. Advancing zone even, slightly raised to limit of growth. Mat 
white except for buff to brown areas, 5.0YR4/6 to 5/4, on cottony mycelium against side 
wall, at first slightly raised, fairly abundant, woolly to woolly-floccose, somewhat reticulate 
in appearance, the older part collapsing after two to three weeks, becoming ne ap subfelty, 
all thin and translucent except for rare small compact waxy granules of fruiting surface on 
some cultures six weeks or more after planting, with roll of cottony mycelium against side 
wall. Reverse unchanged. Odor strong, of iodoform. On gallic and tannic acid agars 
diffusion zones moderately strong, diameter 1.5-2.7 cm. on gallic acid agar, 4.7 cm. on 
tannic acid agar. 
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HyYPHAL CHARACTERS.—Advancing sone: hyphae hyaline, nodose-septate, frequently 
branched, usually between septa, the branches often crowded to produce witches’-brooms, 
1.4-4.2u diameter (Fig. 38). Aerial mycelium: (a) hyphae as in advancing zone, frequently 
with slight swellings, solitary or in moniliform arrangement, occasionally with golden-brown 
walls; (b) knots of hyphae formed from terminal or lateral swellings up to 10.9 diameter, 
often with oily or granular inclusions, bearing numerous short branches, radiating or coiled 
(Fig. 40); (c) gloeocystidia observed only in mounts from colonies six weeks old or older, 
variable in size and shape, most frequently occurring as short to long lateral swellings, with 
deeply stained, oily content (Fig. 39). Fruit body: (a) hyphae as in aerial mycelium, colorless 
or brown; (b) gloeocystidia numerous, elongate with apex rounded or pointed, the walls 
thickened laterally in basal portion, the contents containing oily inclusions, frequently appear- 
ing plasmolyzed, 42.0-62.0 X 4.9-7.7, probably precursors of cystidia (Fig. 42); (c) cystidia 
fairly numerous, most frequently with walls relatively thin, lumen stained, lightly incrusted, 
more rarely with walls thick and brown, the lumen narrow, 24.0-49.0 X 6.3-9.8u (Fig. 41); 
(d) basidia flexuous, subtended by a clamp connection, 23.8-31.0 K 4.2-4.9y, bearing four 
spores on sterigmata up to 4.9 long (Fig. 43); (e) basidiospores hyaline, even, short cylin- 
drical, flattened on one side and slightly curved, 6.3-7.0 X 2.8 (Fig. 44). 


DESCRIPTION OF SPOROPHORES 


The description of sporophores is based on the four Canadian collections 
listed above, two of which were identified by Mr. Eriksson, and three Swedish 
collections identified and cited by Eriksson (8). 


Peniophora pithya (Pers.) J. Eriksson (Figs. 20, 80 to 86) 


Sporophore resupinate, effused, firmly attached to substrate but frequently appearing 
reflexed where small pieces of the underlying bark become curled, dark brownish-gray, 
5.0YR5/2 to 6/2 to 7.5YR5/2 to 6/2, the margin similar or darker brown, the surface at 
first smooth, becoming cracked. 

In section 56-156 (Fig. 20) with narrow, dark brown zone up to 30 wide of horizontally 
arranged or interwoven hyphae next substrate and broader zone of vertically arranged hyphae, 
ranging from dark brown to colorless near hymenial surface. 

Hyphae in basal region with walls almost opaque brown, the lumen usually empty and 
non-staining, nodose-septate but the hyphae so compactly cemented together that this is 
difficult to determine, 2.1-3.5u diameter (Figs. 80, 81); hyphae in vertical zone with walls 
hyaline or light brown, soon empty and non-staining, nodose-septate, the walls collapsed so 
that details are obscure (Figs. 81, 82). Cystidia (Fig. 83) numerous at all levels in vertical 
zone, at first thin-walled, with contents stained in phloxine, pointed, occasionally reaching 
90 in length, the walls becoming laterally thickened in basal portion first, occasionally losing 
contents at this stage and not maturing further so that empty, relatively thin-walled, gloeo- 
cystidium-like structures remain, more usually becoming very thick-walled, the terminal 
portion colorless, incrusted, the basal portion with dark brown walls, frequently handle-like, 
23.0-56.0(—93.0) XK 7.2-15.4u. Basidia cylindrical, subtended by a clamp connection, 
18.0-22.4 X 3.5-4.2y, bearing four spores on slender sterigmata up to 4.9 long (Figs. 
84, 85). Basidiospores hyaline, even, cylindrical, flattened on one side and slightly curved, 
5.6-7.0 X 2.1-2.8y (Fig. 86). 


Peniophora separans 


The type of Peniophora separans Burt was collected at Porcupine Creek, 
south of Beavermouth, British Columbia, by C. W. Dodge (1702) and only 
one additional collection (Dodge 1704) was cited by Burt (6). Since these 
original collections were made, no specimens in Canadian herbaria have been 
assigned to the species. 

During the examination of specimens showing characteristics of the 
Peniophora Sect. Coloratae in the mycological herbaria of the Department of 
Agriculture, Ottawa, and the Department of Botany, University of Toronto, 
19 similar collections, listed in Table II, were brought together. Three of 
these, V3024, V3079, and V3827, had been identified as Peniophora pithya by 
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TABLE II 


RECORDS OF Peniophora separans 


DAOM 


Host Locality No. Original No. 
Abies balsamea Nfid.: White Bay District 31305 FPF 183 
Picea glauca Alta.: Seebe 30514. DACFP 941 


30515 DACFP 942 
30517 DACFP 945 


B.C.: Cinema V 3827 (in TRT) 
Aleza Lake V 4485 (in TRT) 
Picea sp. Nfid.: | White Bay District 31304 FPF 1586 
Maine: Norcross G. W. M. 4754 
(in TRT) 
Pseudotsuga taxifolia B.C.: | Mt. Douglas Park, Victoria 17897 V 2641 
Beaver Lake V 3024 (in TRT) 
Sydney V 3079 (in TRT) 
Oregon: Corvallis F. S. 253 (in TRT) 
Calif.: Trinidad H. E. Parks 7036 
(in TRT) 
Darlington, Del Norte Co. H. E. Parks 7068 
(in TRT) 
Pinus contorta Alta.: Seebe 30516 DACFP 943 
v. latifolia 
Thuja plicata B.C.: | West Saanich, V.I. 11502 
Tsuga heterophylla B.C.: | Mt. Douglas Park, Victoria 17076 V 2387 
Conifer B.C.: | Porcupine Creek, south of MO 58797 
Beavermouth 58798 


Mr. Eriksson when they were submitted to him by the late Professor H. S. 
Jackson. I sent two additional collections, DAOM 30515 and 30516, to 
Mr. Eriksson who stated that “they agree closely but not perfectly with 
P. pithya”’ (in litt. December 1, 1953). In all the dried specimens the color 
is light gray, frequently with a pale but distinct pink or lavender tinge, in 
contrast to the dark brown or brownish-gray color of P. pithya. Micro- 
scopically they differ from that species in a number of characters, including 
the septation of hyphae, which are nodose-septate in P. pithya, simple-septate 
in the other collections, and size of spores, which are short-cylindrical, 
5.6-7.0 X 2.1-2.8y, in P. pithya, long-cylindrical, 7.0-9.8 K 2.1-2.8y in 
the specimens of the other group. Finally, in cultures of P. pithya, clamp 
connections are present at all septa while in those of DAOM 30514, 30516, 
30517, and 31305, they occur only rarely, most septa being simple. Hence 
the collections cannot be referred to P. pithya. 

Seven of the collections had been determined as Peniophora cinerea but they 
differ from that species in the presence of a distinct horizontal layer next the 
substrate, lacking in P. cinerea, and in the absence of clamp connections, 
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present in P. cinerea. The cultures are readily separable, those of P. cinerea 
having hyphae with clamp connections at all septa, those of DAOM 30514 
and others in the group having only rare clamp connections. Therefore, the 
collections cannot be referred to P. cinerea. 

The morphological characters of the sporophores agree well with the 
description of Peniophora separans and, through the kindness of Dr. C. W. 
Dodge, the two collections on which the descriptions were based were obtained 
from the Missouri Botanic Garden Herbarium for examination. In color 
these are pale avellaneous to buff and so differ from the gray or vinaceous 
color shown by the 17 collections in the group. However, they appear to be 
identical in microscopic characters, which are considered more reliable for 
diagnosis than external appearance. Hence the collections have been 
determined as Pentophora separans. 

The specimens of P. separans in the mycological herbaria of the Department 
of Agriculture, Ottawa (DAOM), the Department of Botany, University of 
Toronto (TRT), and the Forest Pathology Laboratories at Victoria (V), 
Calgary (DACFP), and Fredericton (FPF) are listed in Table II. These 
records show that the species occurs on a number of coniferous hosts and over 
a geographic range extending from the east to the west coasts of Canada and 
south to Oregon and California. In 1953, at the Kananaskis Forest Experi- 
ment Station, Seebe, Alberta, four specimens were collected in a small area 
on trees felled during decay studies in 1950. This suggests that the species 
may be abundant in certain districts. To date, no isolates from decay have 
been identified as P. separans. 


DESCRIPTION OF CULTURES 


Peniophora separans Burt 
KEY PATTERN: 2 1 1 (1,2,4) 9 222 2 2 3 
CULTURES EXAMINED: See Table I 


CULTURAL CHARACTERS: (Figs. 15, 16, 45 to 48) 


GROWTH CHARACTERS.—Growth moderately rapid, radius up to 8.7 cm. in two weeks, 
plates covered in three weeks. Advancing zone even, slightly raised to limit of growth. Mat 
white, at first slightly raised, sparse woolly-floccose, the older part becoming appressed, 
subfelty with an overgrowth of farinaceous or minutely tufted mycelium in irregular areas, 
along short radiating lines, or in reticulate arrangement, all thin and translucent but very 
tough. Reverse bleached below older part after two weeks, completely bleached after three 
weeks, with transparent brown areas below oldest part after five to six weeks in two isolates. 
No odor. On gallic acid agar diffusion zone strong, trace of growth to 2.7 cm. diameter, on 
gallic acid agar diffusion zone moderately strong, diameter 3.0—-5.0 cm. 


HyPHAL CHARACTERS.—A dvancing zone: hyphae hyaline, thin-walled and fragile, usually 
simple-septate but with rare single clamp connections on broader hyphae, 2.1-6.2u diameter 
(Fig. 45). Aerial mycelium (sparse, mounts scraped from tough surface layer): (a) hyphae 
as in advancing zone, rarely up to 8.44 diameter, occasionally coated with crystals which are 
easily dislodged (Figs. 46, 47); (6) narrow hyphae with numerous, tapering, stiff branches 
tangled to form minute tufts or in a network in the tough surface layer (Fig. 48). 


Difficulty may be experienced in interpreting the nature of septation of the 


hyphae in cultures of Peniophora separans. If the rare clamp connections are 
not observed, ‘‘2’’, which indicates that there are simple septa on all the 
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hyphae, would be inserted in the fourth column of the key pattern. Observa- 
tion of the occasional simple clamp connections would lead to placing ‘1” 
or ‘‘4”’ in the column, although I have observed no multiple clamp connections, 
which ‘‘4”’ denotes. To meet these possibilities, ‘‘(1, 2, 4)’’ appears in the 
fourth column. Two of the resulting key patterns occur alone in the key, the 
third coincides with a key pattern for Polyporus versicolor from which 
Peniophora separans is readily separated. 


DESCRIPTION OF SPOROPHORES 


The description of sporophores of Peniophora separans is based on the 
specimens listed in Table II, including the type (Missouri Botanic Garden 
Herbarium 58797) and the second collection cited by Burt. It agrees closely 
with that given by Burt (6). 


Peniophora separans Burt (Figs. 21, 63 to 70) 


Sporophores at first orbicular, frequently coalescing and becoming widely effused, adnate, 
hymenium even or colliculose, frequently becoming cracked, ‘between pale ochraceous buff 
and avellaneous” (Burt) or gray, usually with slight purple or pinkish tinge, 7.5RP7/2, 
5.0RP6/1, to 5.0R6/1, the margin concolorous or darker brown. 

In section 85-300u (Fig. 21), conforming closely to the substrate, composed of layer next 
the substrate 40—-200u wide, in which hyphae are horizontally arranged, firmly cemented 
together, brown throughout if the layer is narrow, paler next substrate if layer is broad, with 
transition zone between horizontal and vertical layers dark brown, the vertical layer 50-100u 
wide, brown at base, hyaline in hymenial region. 

Hyphae simple-septate, 2.8-4.6y diameter, at first thin-walled, the contents stained in 
phloxine, the majority soon thick-walled, frequently brown, the lumen non-staining and 
apparently empty, firmly cemented together so that individual hyphae cannot be distinguished, 
the cells in hyphae of transition zone and at base of basidia short, forming parenchyma-like 
tissue (Figs. 63, 64). Cystidia numerous at all levels in vertical layer, originating as slender, 
pointed structures in hymenium (Fig. 67), the walls thin, the contents at first uniformly 
stained, soon appearing plasmolyzed, the walls increasing in thickness, remaining colorless in 
cystidia in the hymenium (Fig. 66), becoming basally brown in cystidia embedded in brown 
layer of vertical zone (Fig. 65), incrusted over apical portion, the incrustation frequently 
fracturing under pressure as if composed of a coherent layer of crystals, 26.0-66.0 X 7.0- 
18.7(—21.0)u, the broadest cystidia at base of vertical layer. No gloeocystidia. Basidia 
cylindrical, with simple septum at base, the walls slightly thickened laterally at base, 24.0- 
28.0 X 4.2-5.6yu, bearing four spores (Figs. 68, 69). Basidiospores hyaline, even, cylindrical, 
slightly curved, 7.0-9.8 X 2.1-2.8 (Fig. 70). 


Unknown T from Saprot in Pinus banksiana 


Nine cultures isolated from saprot in fire-killed Pinus banksiana differ from 
all named cultures in the collection and remain unidentified. As stated in 
the introduction, they were grouped at first with those isolated from red heart 
in pine which were later determined as Stereum pini. However, comparison 
of cultures and interfertility tests showed that the isolates from saprot were 
distinct. Five of the cultures from saprot, listed in Table I as DAOM 31229, 
31230, 31231, 31232, and 31233, produced sporophores, and monosporous 
cultures were obtained. As shown in Fig. 8, these did not form hyphae 
bearing clamp connections when paired with monosporous mycelia of Stereum 
pini, Peniophora septentrionalis, P. cinerea, or P. pithya. When pairings 
were made between members of the group, partial fertility resulted. Repre- 
sentative results are shown in Fig. 87 in which 4/16 and Fig. 88 in which 8/16 
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31230-3 + -|- 
31230-4 -| {-|- 
31230 31 230-5 - +/+ 
31233-1 


@ 


Fics. 87, 88. Results obtained by pairing in all combinations four monosporous mycelia 
from each of two sporophores of Fungus T. Fic. 89. Results obtained by pairing mono- 
sporous mycelia from fruit bodies on four cultures of Fungus T isolated from decays in 
different trees, 


crosses were fertile. When the results of the interfertility tests were brought 
together in a composite table, shown in Fig. 89, it was found that the mono- 
sporous mycelia from the four cultures DAOM 31230, 31231, 31232, and 31233 
fell into four groups, designated by the symbols AB, ab, Ab, and aB. Group 
Ab included monosporous mycelia from cultures 31230, 31231, and 31232 
which were interfertile with members of Group aB, which included mono- 
sporous mycelia of isolates 31231, 31232, and 31233. The other two groups, 
AB and ab, were represented but were less clearly delimited because of 
insufficient data. The table is comparable, therefore, to those obtained when 
a series of monosporous cultures from a single sporophore of a tetrapolar 
species are paired in all possible combinations. This suggests that the mycelia 
causing the infections in the four trees were of identical genetical constitution. 
The trees were all on Plot 3, Honey Lake, Township 8E, Sudbury district, 
Ontario, on which a decay study was made in 1951 by officers of the Forest 
Pathology Laboratory, Toronto. The decays that yielded the isolates were 
in the stumps of three trees and in the trunk of the fourth. Hence it is 
conceivable that mycelium established in one tree might have invaded 
neighboring trees through root grafts. Another possibility is that spores from 
one sporophore had initiated infection in all four trees. The fifth isolate, 
31229, was from decay in a tree on Plot 2, approximately one mile from Plot 3. 
Insufficient pairings were made between monosporous mycelia from this 
culture and those from the four isolates from Plot 3 to determine the distribu- 
tion of factors governing compatibility. The incomplete fertility obtained 
suggests, however, that some identical allelomorphs were present and may 
indicate that this fungus is one in which the number of allelomorphs at the 
loci governing incompatibility is restricted. 
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To date, only nine cultures of Unknown T have been recognized, all from 
decay in Pinus banksiana on the Plots at Honey Lake, Sudbury District. 
According to field notes, they were isolated from saprots, of which seven were 
described as white stringy and two as brown cubical. Since the cultures 
produce diffusion zones on agar containing gallic or tannic acid, a characteristic 
of cultures of fungi causing white rots, it is probable that they are associated 
with a white stringy rot and that the brown cubical rot in two samples had 
been caused by another species. 


DESCRIPTION OF CULTURES 


Unknown T from Saprot in Pinus banksiana 

Key PATTERN: 2 (1,2) 1 1 (1,9) 2 2 2 1 (1,2) 2 
CULTURES EXAMINED: See Table I 

CULTURAL CHARACTERS: (Figs. 14, 49 to 54) 


GROWTH CHARACTERS.—Growth rapid, radius up to 5.4 cm. in one week, plates covered 
in two weeks. Advancing zone even, slightly raised to limit of growth. Mat white, the tufts 
or balls formed after three weeks or more becoming buff, 10.0YR7/4 to 8/4 to pale vinaceous, 
5.0YR6/4 to 7.5YR6/4 to purplish-brown, 7.5YR4/4, slightly raised in zone of newest 
growth 2.0-3.0 cm. broad, woolly-floccose to felty with pebbled or reticulate surface, almost 
opaque, becoming collapsed, appressed, subfelty, translucent, after two to three weeks with 
sparse, farinaceous overgrowth over oldest part and, after three to four weeks, with scattered 
large tufts or balls up to 1.0 cm. diameter, frequently stalked with expanded top, occasionally 
bearing small fruiting areas of crowded, waxy granules after six weeks or more. Reverse 
unchanged or yellowish to brown in small areas below colored balls of mycelium. No odor. 
On gallic and tannic acid agars, diffusion zones moderately strong, trace of growth up to 2.0 
cm. on gallic acid agar, diameter 4.5-5.0 cm. on tannic acid agar. 


HyYPHAL CHARACTERS.—Advancing zone: hyphae hyaline, nodose-septate, frequently 
branched, usually between septa, 1.4—5.6u diameter (Fig. 49). Aerial mycelium: (a) hyphae 
as in advancing zone, frequently aggregated into small strands, those in balls of mycelium 
retaining content and staining deeply, those in mat frequently empty, non-staining, closely 
interwoven; (b) narrow hyphae with numerous tapering branches in dendritic arrangement, 
0.7-1.4u diameter, often non-staining and tightly meshed to form the tough surface layer 
(Fig. 50). Fruit body: (a) hyphae with thick, frequently gelatinized walls and short cells in 
brick-like formation, brown in subhymenium, colorless in hymenium; (b) gloeocystidia usually 
observed only after prolonged staining, with oily contents, colorless or brownish, long, flexuous, 
42.0-84.0 X 4.0-11.9yu (Fig. 52); (c) cystidia numerous in some preparations, apparently 
lacking in others, usually submerged, lightly incrusted over terminal portion, the incrustation 
soon disappearing in preparations mounted in aqueous KOH, the incrusted portion 23.0- 
46.8 X 6.2-10.9u (Fig. 51); (d) basidia slender, flexuous, 4.0-5.0u diameter, bearing four 
spores (Fig. 53); (e) basidiospores hyaline, even, short-cylindrical, flattened on one side and 
slightly curved, 5.6-7.7 X 2.1-2.9y (Fig. 54). 
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A VIRUS LATENT IN TURNIPS! 


By J. P. MacKINNON? 


Abstract 


Green peach aphids reared on turnip stecklings acquired a virus that was 
transmitted to plants of Physalis floridana Rydb. and P. pubescens L., hosts 
used in potato leaf roll studies. Symptoms on these hosts consisted of a yellowing 
of the veins of the leaves. Nicandra physalodes L., when infected, showed 
severe stunting and chlorosis. The virus was carried without symptoms on 
turnips and showed only slight stunting on several species of Brassica. It was 
not transmitted by mechanical inoculation and it does not appear to be similar 
to any of the viruses previously reported in turnips. The aphid Myzus persicae 
(Sulzer) acquired the virus during a seven-hour feeding period, and after a 
latent period of approximately 23 hr., transmitted the virus during a one-hour 
test-feeding sotto Once infective, aphids remained so for several days. 


Introduction 


Physalis floridana Rydb. is used as an indicator plant for the potato leaf 
roll virus. During the course of leaf roll investigation at Fredericton, N.B., 
some of these plants developed symptoms quite unlike those characteristic of 
the leaf roll virus. Further work revealed that these plants were infected with 
an aphid-borne virus distinct from that which causes leaf roll in potatoes. It 
was later found that this virus had been transmitted from the turnip steckling 
on which the test aphids had been reared. An investigation of this turnip 
virus is reported here. 


Materials and Methods 


After unsuccessful attempts to transmit the virus by sap inoculation, a 
number of aphids of the species Myzus persicae (Sulz.) were colonized on an 
infected plant for 48 hr. Ten aphids were then transferred to each of five 
P. floridana seedlings and left for 48 hr. Characteristic yellow-net symptoms 
appeared in 12 days on four of the plants on which the aphids had been placed. 

The original colony of M. persicae, which was reared on turnip stecklings, 
was then tested by placing 10 aphids on each of 10 healthy P. floridana plants 
where they were allowed to feed for 48 hr. About two weeks later, yellow-net 
symptoms appeared on eight of the plants on which aphids had been placed. 
This showed that a virus present in the turnip stecklings was being carried 
by the aphids to P. floridana. Following this a nonviruliferous colony was 
established by rearing some of these aphids on potato and then transferring 


1 Manuscript received October 18, 1955. 
Contribution No. 1498 from the Botany and Plant Pathology Division, Science Service, 
Canada Department of Agriculture, Ottawa, Ontario. 
Note: Since this manuscript was submitted, R. E. Webb has described (Phytopathology, 
45: 579-580. 1955.) what appears to ve une same virus as that described in this paper. He also 
obtained it during aphid transmission studies of potato leaf roll virus, but did not report the source. 
2 Assistant Plant Pathologist, Plant Pathology Laboratory, Fredericton, New Brunswick. 
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some newly born nymphs to a second potato plant. When repeated tests 
showed that these aphids were nonviruliferous, they were transferred to and 
maintained on turnips grown from seed. 

Unless otherwise stated, P. floridana was used as the test plant throughout 
this work. The plants were pricked out at the two-leaf stage into three-inch 
pots and used before the fourth leaf developed. These plants were kept in a 
greenhouse at a temperature of 20-24° C. for the observation of symptoms. 
This greenhouse was fumigated at weekly intervals. 

Infected plants were colonized with noninfective aphids in insect-proof 
cages prior to transfer. The insects were then transferred with a small brush 
to healthy plants. After the feeding period on the test plants, the aphids were 
killed with nicotine. 


Symptomatology and Host Range 


Symptoms usually appeared on P. floridana 12 to 14 days after inoculation 
by aphids. The symptoms first showed as a yellowing of the veins, but the 
discoloration usually advanced from the tip to the base of a lower leaf in five 
to seven days after its first appearance and finally assumed a yellow-net 
pattern on the leaf. The symptoms developed on successively higher leaf 
levels and progressed up the plant from leaf to leaf towards the growing point 
(Fig. 1). Sometimes the yellowing of the veins began at the base of a leaf 
and moved towards the tip. Occasionally the symptoms appeared first as 
yellow spots, which enlarged longitudinally along the veins. In either case, 
the final pattern was similar to that already described. No stunting or mal- 
formation was observed on infected plants. The yellow-net symptoms 
remained on the leaves throughout the life of the plant. 

By means of aphids the virus was transmitted to and recovered from the 
following species of plants: Brassica rapa L. (Early White Milanti and Lauren- 
tian); B. napobrassica Mill. (Laurentian) ; B. oleracea L. var. capitata L. (Early 
Golden Wonder, Ballhead, and Late Danish), var. italica Plenck. (Waltham 
29), var. gemmifera Zenker. (Long Island Improved); B. chinensis L. (Michili) ; 
Physalis floridana Rydb., P. pubescens L., and Nicandra physalodes (L.) Pers. 

No symptoms were expressed on turnip or rutabaga and a slight stunting 
was the only visible symptom on the other species of Brassica. Symptoms 
expressed on P. pubescens were quite similar to those on P. floridana except 
that the yellow-net pattern was less pronounced. Chlorosis of leaves and 
severe stunting of plants were the most characteristic symptoms on Nicandra 
physalodes. 

The following species of plants failed to develop symptoms when inoculated 
with viruliferous aphids: Beta vulgaris L. (Early Wonder and Detroit Dark 
Red) and sugar beet; Solanum tuberosum L. (five varieties), S. tomentosum L.; 
Lycopersicon esculentum L., (Bonny Best); Nicotiana tabacum L. (Samsun), 
N. glutinosa L., N. sanderae Sander, N. alata Link & Otto; Datura stramonium 
L.; Physalis angulata L.; and Hyoscyamus reticulatus L. No attempts were 
made to recover the virus from these plants. 
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Fic. 1. Symptoms displayed on Physalis floridana Rydb. by a virus latent in turnips. 
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Transmission by Aphids 


To determine the infection-feeding period necessary for aphids to acquire 
this virus, noninfective aphids were placed on infected P. floridana plants for 
periods of 7, 24, and 48 hr. At the end of the respective feeding period, five 
P. floridana plants were colonized with five aphids for 48 hr. The results of 
three separate trials are given below. These show that some aphids acquired 
the virus in seven hours, but more aphids became infective the longer the 
infection-feeding period progressed. 


Infection-feeding period, hr. 7 24 48 
Plants infected out of 15 2 7 14 


In experiments designed to determine the test-feeding period required for 
infection, aphids were colonized for 48 hr. on infected P. floridana and then 
transferred to healthy P. floridana for periods of 1, 7, 24, and 48 hr. Five 
plants were used for each period and five aphids were placed on each test 
plant. The results of the five trials are shown below. These results indicate 
that aphids caused infections during a one-hour test-feeding period but that 
successively more infections were transmitted during longer test-feeding 
periods. 

Test-feeding period, hr. 1 7 24 48 
Plants infected out of 15 5 9 11 13 


In other experiments the aphids did not transmit the virus after a seven- 
hour infection-feeding period followed immediately by a one-hour test-feeding 
period. Several combinations of infection- and test-feeding periods were then 
made. This work finally indicated that a total of 31 hr. was required for 
aphids to acquire the virus, become infective, and transmit the virus to a 
healthy plant. 

It was not found possible to maintain M. persicae for long periods on P. 
floridana and when groups were transferred to new test plants each day, they 
usually did not live more than a few days. However, in serial transfers of 
infective aphids from one healthy P. floridana to another at 24-hr. intervals, 
the aphids remained infective with this virus for at least four days. 


Discussion 


The finding of an aphid-borne virus latent in certain Brassica species is 
important because some of these species, especially turnip and cabbage, are 
frequently used for the rearing of aphids employed in virus transmission 
studies. This virus, designated as turnip-latent virus, produced symptoms on 
P. floridana that interfered with studies on the transmission of the potato leaf 
roll virus. It was first encountered in turnip stecklings which had been grown 
in a field the previous year and replanted in the greenhouse. It appears to be 
different from other viruses previously reported on Brassica spp. The turnip- 
latent virus is not sap-transmissible, in which respect it differs from the mosaic 
viruses described by Pound and Walker (3), Markham and Smith (2), and 
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Berkeley and Weintraub (1). Sylvester (4, 5) reported a virus causing yellow- 
net symptoms on sugar beet and tomato somewhat similar to that caused by 
the turnip-latent virus on P. floridana. The turnip-latent virus, however, 
induced no symptoms on these two hosts. 
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STUDIES OF SOIL FUNGI. SATURNOMYCES A NEW GENUS 
OF THE ASPERGILLACEAE! 


By Roy F. Carn? 


Abstract 


Saturnomyces is described as a new genus of the Aspergillaceae in which the 
ascospores are black but not opaque with three prominent longitudinal ridges. 
There is an inconspicuous imperfect stage of the Cephalosporium type having 
long slender phialides each with a small globoid head of viscid phialospores. 
A single species is described, having been isolated from peat soil collected at 
Thedford, Ontario. 


Introduction 


Among the interesting ascomycetes encountered among cultures of fungi 
isolated from soil is one which produces small, transparent, globose cleisto- 
thecia. The small asci may point in any direction forming a globose mass 
which fills the central cavity as in Aspergillus and Penicillium. In all of these 
genera the asci soon deliquesce so that the older ascocarps contain only a 
mass of spores. The ascospores of the species described in this paper appear 
black by reflected light so that the surface of cultures gradually turns black 
as the spores mature. They are, however, not entirely opaque under the 
microscope. In Aspergillus and Penicillium ascospores of various colors are 
known but in most of the species they are hyaline and in no case are they 
black. The ascospores of species of these two genera are variously ornamented 
by ridges or dots but no species have been described with three longitudinal 
ridges characteristic of the fungus here described from soil. 

There is, in addition, a distinct difference in the imperfect stages. Instead 
of being in groups on phialophores characteristic of Aspergillus and Penicillium, 
the phialides are produced singly on the surface mycelium. They are long and 
very slender, projecting at right angles from the hyphae characteristic of the 
species placed in the genus Cephalosporium. The conidia also agree in being 
hyaline, smooth, and viscid so that they accumulate at the apex of the phialide 
to form a small globose cluster. The phialides and conidia are never abundant 
but give the cultures a slightly pruinose appearance. The mycelium shows 
considerable variation: from slender hyphae 1.5 w in diameter with long cells, 
to hyphae much broader (up to 6 wu) and with shorter cells which may be 
almost cubical. These cells, however, do not become brown and the walls 
remain thin. 

The combination of features seems to exclude the fungus from the described 
genera so that a new genus is proposed. The ridge on the spore suggests the 
name Saturnomyces. It should be pointed out, however, that the ridge is 
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longitudinal and not equatorial, and that there are three ridges on each spore, 
The free spores usually come to rest so that a single ridge is visible across 
the top. 


Description 
Saturnomyces gen. nov. 


Cleistothecia globosa, pseudoparenchymatica, hyalina, translucida, astro- 
matoidea. Asci subglobosi, multi, incomposite dispositi, evanescentes, 
aparaphysati. Ascosporae fuscae, ellipsoideae, cinctis longitudinaliter circum- 
datae. Phialosporae incapitula coacervatae. 

Cleistothecia globose, without stroma; wall pseudoparenchymatous, smooth, 
bare; cells thin-walled, colorless, transparent. Asci subglobose, numerous with 
irregular orientation, evanescent. No paraphyses. Ascospores black by 
reflected light, under the microscope dark gray, not opaque, ellipsoid with 
longitudinal external ridges. Phialospores accumulating in globose heads at 
apex of phialides which are produced singly on mycelium. 


Saturnomyces humicola sp. nov. 


Coloniae in agaro maltoso tarde crescentes, tenues, pellucidae, albidae, dein 
nigrae. Phialides 20-45 X 1.0-2.5 uw, hyalinae, erectae, leviter clavatae. 
Phialsoporae continuae, hyalinae, leves, ellipsoideae, 5-8 (10) K 2.0-3.5 yu, 
ex ordine emissae, incapitula coacervatae. Cleistothecia abundantia, in 
stratis pluribus, globosa, levia, denudata, 30-90 yw, hyalina, translucida, 
membranacea. Membrara perithecii pseudoparenchymatica, e cellulis tenui 
tunicatis, 6-12 uw. constituta. Asci 8-spori, subglobosi, evanescentes, multi, 
incomposite dispositi, 14-16 uw, aparaphysati. Ascosporae ellipsoideae, 
5.0-5.5 X 2.5-3.0 yu, olivaceo-atrae, cinctis linearibus trinis longitudinaliter 
circumdatae. 

E solo cultivata: Thedford, Lambton Co., Ontario, Canada, Dec. 1951. 

Colonies on malt extract agar producing a very thin white to gray mycelium, 
spreading slowly, soon covered with a slightly pruinose layer consisting of 
scattered phialides projecting at right angles from the surface mycelium; 
phialides 20-45 yw long, slender, hyaline, straight, 1.5-2.5 mu wide near the 
base, tapering gradually to a width of 1 wu at the apex, producing a succession 
of phialospores at the open end; phialospores 5-8 (rarely up to 10 uw) XK 2.0- 
3.5 u, hyaline, ellipsoid, smooth, accumulating in a small globose head at the 
apex of the phialide; surface of colony in age becoming very much buckled 
and wrinkled, with small black dots when ascospores are produced, finally 
becoming entirely black and punctate; margin of colony indefinite; reverse 
black; entire medium slightly darkened. 

Perithecia very abundant, often imbedded in the medium as two or three 
layers, globose, 30-90 uw in diameter, wall smooth, bare, colorless, transparent, 
membranaceous, about 4-6 cells thick in transverse section but not differenti- 
ated into distinct layers. Cells of perithecial wall, thin, hyaline, transparent, 
about 6-12 w in diameter, pseudoparenchymatous, each with usually two 
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fairly large oil globules. Globose spore-mass clearly visible in the center and 
measuring 25-75 w in diameter. Asci 8-spored, subglobose, indistinct and 
evanescent, irregularly disposed and oriented in all directions, 14-16 mw in 
diameter, considerably swollen beyond the limits of the ascospores when 
mounted in water. No paraphyses. Ascospores ellipsoid, 5.0-5.5 & 2.5-3.0 
bu (exclusive of ridges), dark olivaceous black but not entirely opaque, arranged 
in a spherical ball, with usually three narrow, dark, external ridges which are 
longitudinal or slightly oblique. Most of the ascospores come to rest with two 
ridges below and invisible so that only one ridge appears along the upper side 
and clearly visible. Three ridges usually appear on the globose end view. 
Ridges 0.5-1.0 yu high. Ascospores black in mass by reflected light. 

Isolated in culture from peat soil, Thedford, Lambton Co., Ontario, Canada, 
Dec. 1951, by H. N. Wensley. Type TRTC 30877. 


Cleistothecial Development 


The cleistothecium develops from an ascogonium which originates as a side 
branch from a hypha (Fig. 2). This becomes separated by a septum at an 
early stage. It soon curves back and continues to twist around to form a 
tight regular spiral consisting of about three coils (Fig. 3). Branches are 
produced at the base which enclose the developing ascogonium. Short cells 
are formed by means of numerous septa in the enclosing hyphae. These 
become closely packed together so that the wall becomes pseudoparenchyma- 
tous at an early stage. These cells contain two or three oil globules each 
and remain undifferentiated, all being thin-walled, colorless and transparent 
(Fig. 4). 


Relationship 


The general features described above suggest a relationship with the genera 
Aspergillus (Eurotium) and Penicillium (Carpenteles). The method of coni- 
dial production separates this species readily from both of the above genera. 
In Aspergillus the ascospores are hyaline or colored but not black. There are 
usually ridges on the ascospores but these are of the bivalve type. The shape 
of the spore is usually discoid. 

The ascospores of species of Penicillium are of various types. They are 
ellipsoid and colorless or faintly colored but never black. They are frequently 
roughened with minute points but in P. /uteum Zukal there is a spiral ridge 
which is mainly transverse. 

The type of phialide in the fungus found on soil is quite different from that 
in Aspergillus and Penicillium and excludes the fungus from both of these 
genera. The fact that there are phialides and cleistothecia with irregularly 
arranged, evanescent asci indicates that the fungus may be included in the 
Aspergillaceae (Eurotiaceae) at least tentatively. The phialides are produced 
singly and directly on the mycelium. This is considered as representing a 
more primitive condition than that found in Aspergillus and Penicillium where 
the phialides are variously grouped on distinct phialophores (or conidiophores). 
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When properly understood, characteristics of conidia and conidiophores can 
be just as important in indicating relationships as those of the perithecia and 
contents. A combination of two or more characters is much more likely to 
indicate a phylogenetic relationship than any single feature, even though it 
may appear to be a very significant one. A genus based on a single feature is 
more likely to be an unnatural one. In order to determine the degree of 
natural relationship in species of ascomycetes it is necessary to consider their 
complete morphology at all stages of development. 

In species placed in the genus Phialophora, the phialides are shorter and 
broader than in Saturnomyces, and have a flaring collarette at the apex. In 
other respects they are similar in the two genera. In both cases they tend to 
be scattered on the mycelium. Phialophora is taken to represent a still more 
primitive type where the phialospores frequently retain their primitive function 
of spermatia. This type of phialide and phialospore (spermatium) is produced 
by many species of Sordaria, Podospora, Bombardia, Lasiosphaeria, Melano- 
spora, Gelasinospora, and Neurospora. It has not been recorded, so far as I 
know, for any species of the Aspergillaceae. There is some indication that 
the genera named above are all related but probably represent several families. 
They are closer to members of the Hypocreales and Aspergillaceae than to 
most of the Sphaeriales. 

The shape and position of the phialides of Saturnomyces are characteristic 
of the species of Cephalosporium a genus with many species whose perfect 
stage is unknown. Vertici/lium shows a more highly evolved type in which 
the phialides are grouped in whorls on more elaborate phialophores. But 
there are many fungi that show an intermediate type between these two 
genera. A conidial stage of the Verticillium type is found in many species of 
Hypocreales. 

The Aspergillaceae appear to have evolved from some group or groups close 
to the Hypocreales or directly from them. The features in common are: 
(1) the frequent occurrence of a similar phialide type of conidial stage derived 
ultimately from a spermatiophore, (2) frequent development of bright colors 
such as yellow, green, or red in the mycelia, conidia, ascospores, ascocarp 
walls, etc. The Aspergillaceae differ from the Hypocreales in the following: 
(1) the ascocarps have lost their ostiole, (2) the asci do not develop a hymeni- 
um, (3) paraphyses have been lost (they are often very evanescent in the 
Hypocreales), (4) the asci have become globose and evanescent. 

Members of the family Gymnoascaceae show a further modification of the 
ascocarp. They have evolved from the .\spergillaceae but not necessarily in 


Fics. 1-8. Saturnomyces humicola. Fic. 1. Surface hyphae with phialides. Three phialides 
with phialospores just beginning to develop, one with nearly mature phialospore, one with a 
globoid head of phialospores and one with phialospores washed away; several free —a00 
x 1500. Fic. 2. Hypha with young ascogonium developing as a side branch. X 1500. 
Fic. 3. Coiled ascogonium, the wall of the cleistothecium has not started to develop. X 1500. 
Fic. 4. Pseudoparenchyma cells from wall of cleistothecium, viewed from outside. X 1050. 
Fic. 5. Mass al clsieathacin on surface of agar as seen from above. X 50. Fic. 6. Single 


cleistothecium with transparent wall and mass of dark spores in the center. X 250. Fic. 7. 
Ascospores in various positions. X 1500. Fic. 8. Two asci with spores nearly mature. 
xX 1050. 
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a single line. In Penicillium vermiculatum Dangeard the wall of the ascocarp 
is formed by interwoven hyphae instead of pseudoparenchyma. This is 
similar to the juvenile stage of the ascocarp in most of the Aspergillaceae. It 
simply fails to develop the compact angular or short swollen cells. In a 
further stage of development the hyphae surrounding the ascocarp fail to 
form a definite wall as in species of Gymnoascus. A further stage is found in 
Byssochlamys where the ascocarp consists of a cluster of asci surrounded by 
ordinary hyphae. Phialides are produced by the species of this genus but 
have been lost by many of the genera of the Gymnoascaceae. In addition, 
the species of Byssochlamys also produce a terminal chlamydospore type of 
conidium. Arachniotus trisporus Hotson (6) is a typical Byssochlamys and 
closely related to B. nivea Westling and B. fulva Olliver and Smith. 


Byssochlamys trisporus (Hotson) comb. nov. is hereby proposed. 


The appearance of the cultures of Saturnomyces resembles those of the 
species of Cephalotheca (2). However, the latter genus is distinct in having 
the cells of the wall of the cleistothecium arranged in plates. The type of 
imperfect stage and the ridges on the ascospores of the soil fungus also prevent 
its inclusion in the genus Cephalotheca. 


In Monascus the ascospores are smooth and hyaline to reddish. The 
conidia are chlamydospore-like and produced in short, terminal chains. There 
are no phialospores. 

Thielavia has dark ascospores but these are smooth-walled. T. basicola Zopf 
has no conidial stage. TJ. sepedonium Emmons (4) has an imperfect stage of 
the Sepedonium type in which the conidia are terminal and chlamydospore-like. 

In Magnusia (.) the dark cleistothecia have long hairs which are coiled at 
the end, as well as numerous, shorter, more slender, light-colored hairs. The 
ascospores are ellipsoid and light yellowish-brown. 


Anixiopsis was described by Hansen (5) with a single species, A. stercorarius 
Hansen, found on fox dung in Denmark in 1874. This species was found on 
the dung of fox or raccoon at Nashville, Ontario, Sept. 2, 1953, and isolated 
in pure culture. It produced conidia which are irregular in size and shape but 
usually ellipsoid. They are formed as swollen ends of hyphae or by fragmenta- 
tion of the hyphae below the terminal conidium. The ascospores are light 
yellowish-brown, broadly ellipsoid, and distinctly roughened with small 
projections. 


Lilliputia has a single species, L. insignis (Wint.) Dennis and Wakefield (3), 
in which the ascospores are globose, roughened, and yellow to brownish. The 
conidial stage is a Gliocladium, which differs from Penicillium in having a 
viscid mass of conidia instead of dry chains. They are phialospores in both 
genera. In the former they remain moist and slide past one another to form 
an irregular mass. In the latter genus the conidia dry as soon as formed so 
that they stick together at the ends to form regular chains. 


The genus Trichocoma Junghuhn includes a single species which is widely 
distributed in the tropics, extending as far north as Japan and South Carolina 
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(8). The rather large ascocarps (reaching a length of 2 cm. and a diameter of 
1 cm.) are erumpent through the bark on the trunks of trees. There is a cup- 
shaped outer peridium or stroma with a membranous inner layer consisting 
of filamentous hyphae enclosing a mass of irregularly arranged globose asci. 
The yellow, ellipsoid ascospores measure 5.5-7.5 & 5.0-5.5 mw and are 
ornamented externally with 4-7 transverse or somewhat spiral ridges which 
are interrupted at irregular intervals and sometimes forked. Kominami et al. 
(7) describe an imperfect stage with a stromatic mass erumpent through the 
bark and covered externally with a compact layer of conidiophores which 
closely resemble those of Penicillium luteum Zukal. Pure cultures of Tricho- 
coma paradoxa closely resemble P. /uteum in color and type of conidiophores 
and conidia, but failed to mature asci and ascospores. Cultures of P. luteum 
usually produce mature ascocarps with ascospores closely resembling those of 
T. paradoxa which have been produced on the natural substratum. They 
differ only in being slightly smaller, with somewhat fewer transverse ridges 
and paler color. The ascospores of P. /uteum from the United States are 
slightly smaller than those of the same species from Japan. A culture of what 
appears to be this species isolated from soil in Ontario has ascospores corres- 
ponding in size and markings with the Japanese culture. This species is very 
different from others in the genus Penicillium and should be classified else- 
where. It would seem to be more closely related to Trichocoma. 

Penicilliopsis Solms-Laubach is also of interest since it produces rather 
large ascocarps, yellow pigment, and a conidial stage of the Penicillium type. 
There are five species, known only from the tropics.. The ascospores have 
longitudinal ridges very similar to those of Saturnomyces. But the latter genus 
is quite distinct in the smaller and simpler ascocarps and the entirely different 
conidial stage. The conidia are produced on phialides in both genera but in 
Saturnomyces the phialides are single on the phialophores. The ascocarps of 
Penicilliopsis are stalked with several irregular gleba-like masses of sporoge- 
nous tissue. The conidiophores are united to form tufts which resemble the 
fructifications of Clavaria. 
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STUDIES OF NECTAR SECRETION IN EXCISED FLOWERS 
THE INFLUENCE OF CULTURAL CONDITIONS ON QUANTITY AND 


COMPOSITION OF NECTAR! 
By R. W. SHUEL? 


Abstract 


Nectar secretion was studied in excised flowers of snapdragon (Antirrhinum 
majus L.) grown in culture solution during the secretory period. The supply of 
sugar to the flower was regulated by varying the sugar concentration of the 
culture medium or the volume of medium entering the flower. Nectar sugar 
yield, as well as flower dry weight, was closely related to the sugar supply. 
Concentration of sugar in the nectar was almost identical with that a the 
medium, suggesting that osmotic work was not done by the nectaries. Sucrose 
consistently supported much higher yields of nectar than any of the other 
sugars tested, though many of the other sugars appeared to be assimilated as 
readily by the flower as sucrose. Sugar transformations occurred in nectar of 
flowers cultured on sucrose, glucose, fructose, maltose, lactose, galactose, 
mannose, and raffinose, but not in flowers supplied with xylose or sorbose. 
Sucrose spots were usually found in chromatograms of nectar in which trans- 
formations occurred. Despite the lack of evidence for the performance. of 
osmotic work, the data are considered to support the recent suggestion by 
Frev-Wyssling that secretion results from metabolic activity in the nectary. 


Introduction 


Many questions concerning nectar secretion have not yet been fully resolved. 
The significance of the process in the plant economy, for instance, has long 
been debated. Nectar secretion has often been regarded as an excretion of 
nutrients not metabolized by the plant (2). 
secretion of nectar (including secretion from extrafloral nectaries) coincides 
with the cessation of growth in the organ with which the nectary is associated, 
concluded that secretion results from an obstruction in the assimilate stream 
and that nectaries are simply ‘“‘sap valves’ or a means of exit (3). In the 
of recent data on enzymic activity in the nectary, however, he has 
modified this view and has come to regard nectaries as real glands with a 
characteristic active metabolism (3). 
The term “secretion” 
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Frey-Wyssling, noting that 


connotes work on the part of the secreting cells. 
Whether nectaries perform osmotic work, by moving sugar against a diffusion 
gradient, has not been established. Agthe (1) has shown that nectar con- 
centration is related to the ratio of xylem to phloem in the vascular supply 
to the nectary. Nectar that is characteristically rich in sugar derives solely 
or chiefly from phloem sap; dilute nectar contains xylem sap. 
concentration is increased in the nectaries of an individual plant before being 
expelled, however, has not been shown. 
of determining the sugar concentration of the sap entering the nectary, there 
is the problem of accurate measurement of the concentration of the nectar as 


Whether sap 


In addition to the obvious difficulty 
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it leaves the nectary. Evaporation of water from a thin film of nectar proceeds 
rapidly, and unless it has been exposed to an atmosphere of high humidity, 
nectar is likely to be much more concentrated at the time of collection than 
at the moment of secretion. 

The manner in which variation in nectar yield in an individual plant arises 
is also of interest. Control over the amount of sugar produced in unit time 
might be exerted in one or more of the following ways: (1) control by the 
nectaries over the amount passing through; (2) variation in sugar concentra- 
tion in the phloem and/or xylem in the vascular supply to the nectary; 
(3) variation in the volume of sap delivered to the nectary. 

Finally, there is the question of qualitative changes in the sugar composition 
of nectar in its passage through the nectary. 

It is difficult to examine such aspects of nectar secretion under natural 
conditions where secretion is affected both by a variable external environment 
and a multitude of unknown conditions within the plant. A method of excised 
flower culture which permits greater control over cultural conditions has 
therefore been used in this study. Flowers of snapdragon (Antirrhinum majus 
L.), a plant which secretes nectar freely, are well suited to culture im vitro. 


Materials and Methods 
Excised Flower Culture 


In order that experimental material may be genetically uniform, flowers of 
the F; generation of the snapdragon hybrid “Star Charter” are used. Plants 
are grown in a mixture of equal parts of sand and peat moss to which a com- 
plete mineral solution is added periodically. Flowers are removed from the 
spike at the stage when nectar secretion normally begins (Fig. 3, left). At 
this time their average fresh weight is around 250 mgm. After three to four 
days in culture they attain full size (Fig. 3, right). At this time the average 
flower weight is 500 to 625 mgm., depending on the season. Flower size is 
relatively small in hot weather. 

Flowers are placed in plastic receptacles seated in widemouthed vessels of 
25 or 40 ml. capacity, as illustrated in Fig. 1. The plastic holder is constructed 
of two parts. The lower part contains a depression of a size to fit the lower 
part of the flower snugly, and the peduncle passes through a small slot into 
the culture medium. The hole in the upper part of the receptacle is large 
enough to permit free expansion of the corolla. The supply of culture solution 
to the flower is maintained as follows: the peduncle is cut with a sharp razor 
blade and a 10 mm. length of fine glass capillary (C) is inserted into the 
peduncle stump. A tapered glass sleeve (S) fitting over peduncle and capillary 
maintains the level of the medium above the tip of the peduncle but below 
the calyx. 

A standard basal culture solution of 10% sucrose buffered to pH 5.8 with 
a sodium hydroxide — potassium dihydrogen phosphate buffer is used. Although 
pH does not seem to be very critical in the acid range, flower development is 
poor on the alkaline side of neutrality. A few simple precautions are taken 
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Fic. 1. Detail of culture vessel and flower holder. C—glass capillary; S—sleeve. 


against contamination by microorganisms. The incubation chambers in which 
the cultures are kept are swabbed out with mercuric chloride. Vessels and 
media are autoclaved. The plastic flower holders are soaked, and flowers 
shaken for three minutes in a 1:4000 aqueous solution of Zephiran chloride. 

Flowers are kept in darkness and, except when temperature or humidity 
effects are under investigation, at 20°C. in an atmosphere at or close to water 
vapor saturation. Nectar volume and concentration measurements are 
comparatively reliable when flowers are kept at high humidities; equilibrium 
vapor pressures calculated for nectar secreted under the conditions of these 
experiments correspond to relative humidities in excess of 95%. 


Nectar Measurement 


The nectary of snapdragon is located at the front of the base of the ovary. 
In cross-section it is a crescent-shaped area of densely packed, protoplasm- 
rich cells. Both phloem and xylem elements lead to this region. The nectar 
accumulates in a pocket at the base of the corolla. A method of centrifugation 
(8) is used for collection and volume measurement of nectar. Sugar con- 
centrations are read on an Abbe refractometer. Weights of nectar sugar are 
derived from volume and concentration values. 

All but the lower 10 mm. portion of the corolla is clipped off prior to centri- 
fugation. The wound surface is dried on filter paper and the base of the 
flower is then inverted in a special volumetric tube and centrifuged. 

These methods of flower culture and nectar measurement permit the use of 


sufficient flowers for adequate statistical control. All treatments are replicated 
at least eight times. 


Chromatographic Methods 


A modified form of the method of Hough et al. (4), with ascending solvent, 
is used. 
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A sheet of filter paper, 113 X 16} in., spotted with the test materials, is 
rolled into a cylinder and incubated for 24 hr. at 30°C. in a butanol—ethanol- 
water solvent in the ratio of 4:2:1 in an 18 in. X 6 in. battery jar. Prior to 
incubation the paper is equilibrated with the solvent vapor overnight in the 
following manner: two glass clips, each inserted in a small cork, are attached 
to the paper cylinder. The corks are fastened with paraffin to a square of 
plate glass which serves as a lid for the battery jar so that the lower edge of 
the paper cylinder clears the solvent in the bottom of the battery jar. Plasticine 
is used to seal the lid to the jar. At the end of the equilibration period the 
paraffin holding the corks to the lid is melted by warming the upper surface 
of the lid, and the cylinder drops into the solvent. After removal from the 
jar the paper is dried for 48 hr. at room temperature and sprayed with a 1% 
solution (w/w) of p-anisidine hydrochloride in absolute ethanol. Chromato- 
grams are then heated in a 75°C. oven for a half hour. 

Results obtained by this method are highly reproducible. Identification 
of sugars is facilitated by the characteristic color reactions of p-anisidine 
hydrochloride. 


Experimental Results 


Relation of Nectar Yield to Flower Size 

Other factors being equal, one would expect large flowers to yield more 
nectar than small flowers. The correlation between yield of nectar sugar and 
flower fresh weight in several samples of flowers, comprising a total of 39, 
and cultured under standard conditions, was + 0.612. Although this value 
is highly significant statistically and indicative of a trend, it would appear 
that internal factors other than flower size contribute to variation in nectar 
yield. 


The Influence of Atmospheric Humidity on Secretion 

Flowers were cultured on 10% sucrose solutions in desiccators in which 
the humidity was controlled with sulphuric acid— water mixtures. Data on 
flower fresh weight and nectar production are presented in Table I. As 
flowers are destroyed during nectar extraction, flower dry weights were 
determined on a separate sample, and are listed in Table II. Minimal differ- 
ences between means necessary for statistical significance are included with 
all data in which significant variation was found. 

A close inverse relationship between weight of nectar sugar and atmospheric 
humidity is evident in the data of Table I. Variation in humidity had two 
effects on volume which cannot be evaluated independently: it influenced the 
amount of nectar secreted and also the rate of postsecretion evaporation of 
nectar. Although flower fresh weight was greater at high humidities because 
of increased turgidity, mean dry weight was considerably higher at 60% R.H. 
than at water vapor saturation (Table II), indicating that more of the culture 
solution was taken up at low humidities. As ahsorption of the medium 
increased more nectar was secreted. 
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TABLE I 


NECTAR SECRETION IN EXCISED SNAPDRAGON FLOWERS AT DIFFERENT HUMIDITIES 


Mean flower Mean Mean Mean 
Ri. fresh wt., nectar vol., nectarconc., sugar wt., 
Expt. No. % mgm. ul. % mgm. 
1 100 604 14.9 9.3 1.47 
80 601 13.0 13.7 1.85 
60 567 9.1 29.1 2.84 
L.S.D., 1% levei Non-significant 5.0 > 0.98 
2 100 634 15.0 10.7 1.46 
75 601 11.8 16.0 1.92 
50 551 7.4 35.4 2.26 
25 588 9.3 34.9 3.54 
L.S.D., 1% level 53 Non-significant 8.5 1.48 
TABLE II 


EFFECT OF HUMIDITY ON FRESH AND DRY WEIGHTS OF EXCISED SNAPDRAGON FLOWERS 


Mean Mean Mean % 
R.H., fresh wt., dry wt., dry 
Expt. No. % mgm. mgm. matter 
3 100 456 50.3 11.1 
80 418 49.6 11.9 
60 453 66.4 14.7 
L.S.D., 5% level 27 3.9 


It should be noted that sugar transport in excised flowers is abnormal in 
that sugar solution of relatively high concentration passes through the xylem. 
In intact plants where the quantities of sugar reaching the nectaries through 
the xylem are comparatively minor, it is unlikely that atmospheric humidity 
has such an important direct effect on nectar yield. 


Relationship of Secretion to Sugar Concentration in the Culture Medium 


In the next group of experiments flowers were cultured at various con- 
centrations of sucrose. Atmospheric humidity was maintained at or close to 
saturation. The results of two experiments are presented in Table III and 
those of a third in Fig. 2. Table IV contains data on fresh and dry weights 
of flowers cultured at various concentrations of sucrose. In Fig. 2 sugar 
concentrations are expressed as mole fractions to provide an arithmetic scale 
for plotting. The values for nectar may be slightly low, as the nectar may 
have contained minor amounts of monosaccharides as well as sucrose, but 
such errors are not serious. As flowers were kept in an atmosphere near 
water vapor saturation, and therefore close to the equilibrium vapor pressure 
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EFFECT OF MEDIUM CONCENTRATION ON NECTAR SECRETION 
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Fic. 2. Relationship of nectar secretion to sugar concentration of the culture medium. 


for all nectar concentrations between 0 and 20%, postsecretion changes in 
nectar should have been minor and volume and concentration measurements 
should therefore be reasonably accurate. 

Concentration of nectar was always similar to that of the medium, and 
nectar sugar yields followed concentration values. Nectar volume bore no 
systematic relationship to medium concentration. There was a trend towards 
greater volume yields in flowers cultured on high-sugar media, but there were 
exceptions to the rule. In Experiment 4 (Table III) significant differences in 
volume appeared, but in the data illustrated in Fig. 3 variation in volume was 
negligible. Flowers cultured on low-sugar or sugar-free media secreted 
appreciable quantities of very dilute nectar. The minute amounts of sugar 
in nectar of flowers growing on media lacking sugar may have been secreted 
before excision of the flowers from the plant or may have come from an 
endogenous source during culturing. 

Flower fresh weights were not greatly affected by differences in sugar 
concentration in the medium, but dry weights increased regularly with 
increasing sugar concentration (Table IV). 

Flowers in Experiment 5 supplied with a 15% sucrose solution were flaccid 
and secreted less nectar than expected. The osmotic pressure of the medium 
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TABLE III 


EFFECT OF MEDIUM CONCENTRATION ON NECTAR SECRETION IN EXCISED SNAPDRAGON FLOWERS 


Sucrose Mean Mean Mean Mean 

cone. in flower nectar nectar sugar 

Expt. No. medium, fresh wt., vol., conc., wt., 

0 mgm. ul. % mgm. 

4 1.6 585 8.2 3.6 0.35 

4.9 560 9.0 5.2 0.58 

10.4 600 22:5 42.1 1.58 

20.6 625 18.0 20.1 3.93 

L.S.D., 1% level 49 7.0 2.8 0.92 

5 0 585 4.1 ef 0.09 

23 592 4.4. 3.8 0.22 

8.1 594 11.2 10.9 1.38 

25.3 532 8.2 20.6 1.87 

L.S.D., 1% level 39 Ef 1.6 0.58 
TABLE IV 


FRESH AND DRY WEIGHTS OF EXCISED SNAPDRAGON FLOWERS CULTURED AT VARIOUS 
CONCENTRATIONS OF SUCROSE 


Sucrose conc. Mean flower Mean flower Mean % 

Expt. No. in medium, fresh wt., dry wt., dry 

% mgm. mgm. matter 
6 0 545 51.7 
2 580 59.2 9.8 
5 592 64.5 10.9 
10 585 81.0 13.9 

L.S.D., 5% level 31 
1% level 3.8 


at which plasmolysis appeared varied from one flower sample to the next. 
In Experiment 4, for instance, flowers on 20% sucrose were fully turgid. 
Flowers grown on 15% glucose invariably plasmolyzed. Under natural 
conditions the maximum concentration at which snapdragon nectar is secreted 
is probably of the order of 10 to 20%. Nectar collected from attached flowers 
as soon after secretion as measurable samples can be collected usually contains 
12 to 20% sugar. 

It is evident that nectar yield in the past two experiments was directly 
proportional to the sugar supply, whether variation in sugar supply was 
achieved by altering the medium concentration or the volume of medium 
taken up by the flower. Wykes (10) found the same trend, though less well- 
marked, in excised flowers of apple, loganberry, and medlar. Her cultures 
were maintained for 24-hr. periods only. 
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Relationship of Secretion to the Kind of Sugar in the Medium 


Flower growth and nectar secretion were next observed on a number of 
sugars including the pentose d-xylose; the aldohexoses d-glucose, d-galactose, 
and d-mannose; the ketohexoses d-fructose and d-sorbose; the disaccharides 
sucrose, maltose, and lactose; and the trisaccharide raffinose. The usual 
cultural conditions were followed, and 10% solutions of the sugars were used 
except in one instance where a mixture of 5% glucose and 5% fructose was 
used. As the flower supply was not large enough to test all sugars at once in 
sufficient replication, only a few sugars were tested at a time, sucrose being 
used as a control. Data on fresh flower weight and nectar secretion are given 
in Table V._ Fresh and dry weight data appear in Table VI. 


Sucrose supported far higher nectar yields than any of the other sugars 
tested. Sorbose, xylose, lactose, and galactose gave poor yields. This general 
pattern was quite consistent throughout subsequent tests. Differences in 
concentration, at times statistically significant, are not readily explainable. 
However, it is obvious that some postsecretion evaporation of nectar did occur, 
and, if secretion terminated relatively early in a particular treatment, the 
nectar from that treatment would have a longer exposure to the drying influ- 
ence of the atmosphere and so would be more concentrated. 


TABLE V 


NECTAR SECRETION IN EXCISED SNAPDRAGON FLOWERS ON VARIOUS SUGAR SUBSTRATES 


Mean flower Mean nectar Mean nectar Mean 
Expt. No. Substrate fresh wt., vol., conc., sugar wt., 
mgm. ul. mgm. 
7 Sucrose 629 15.4 21.6 3.25 
Glucose 637 i 19.2 1.54 
Fructose 618 10.0 20.4 2.83 
Gl. + Fr. 652 9.1 24.0 2.31 
L.S.D., 5% level 31 2.9 
1% level 5.3 0.78 
8 Sucrose 619 17.9 11.3 2.10 
Maltose 645 10.1 12.4 1.31 
Lactose 611 12.9 0.95 
Galactose 603 5.6 16.6 0.99 
L.S.D., 2% level Non-significant 0.77 
1% level 5.3 4.1 0.87 
9 Sucrose 632 17.3 16.4 2.96 
Xylose 566 6.2 13.9 0.91 
Mannose 584 8.9 14.9 1.41 
Sorbose 550 5.3 15.0 0.86 
Raffinose 606 8.5 17.1 1.62 
L.S.D., 5% level 3.0 0.53 
1% level 56 3.7 0.72 
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TABLE VI 


FRESH AND DRY WEIGHTS OF EXCISED SNAPDRAGON FLOWERS ON VARIOUS SUGAR SUBSTRATES 


Mean flower Mean flower Mean % 
Expt. No. Substrate fresh wt., dry wt., dry 
mgm. mgm. matter 

10 Sucrose 612 80.6 
Glucose 583 77.0 13.2 
Fructose 574 77.3 ae 

L.S.D., 5% level 31 Non-significant 
11 Sucrose 580 81.8 14.1 
Lactose 517 70.0 13.6 
Galactose 517 70.1 13.6 

L.S.D., 1% level 60 10.0 

12 Sucrose 600 74.6 12.5 
Mannose 580 
Xylose 570 70.8 12.6 
Sorbose 508 66.3 i3.4 
Raffinose 600 72.2 12.4 

L.S.D., 1% level 56 Non-significant 


Flowers developed as well on glucose, fructose, maltose, and raffinose as on 
sucrose, and almost as well on mannose. Flower fresh weights on lactose and 
galactose were high in Experiment 8 (Table V) but low in Experiment 11 
(Table VI). The data in Table VI indicate relatively poor assimilation of 
lactose, galactose, xylose, and sorbose by the flower. There seemed to be 
little doubt that all of the sugars tested were metabolized by the flower, but 
to check this point further dry weights of flowers grown on sorbose, the 
poorest substrate, were compared with those of flowers cultured on sugar-free 
buffer solution. The sorbose-cultured flowers were 8 mgm. heavier on the 
average. The difference was highly significant statistically. 


Sugar Transformations in Secretion 


As most nectar so far assayed contains a mixture of sugars in proportions 
varying with the species (9) the question of sugar transformations in nectar 
is of interest. Zimmermann (11) has studied this aspect of secretion in 
Euphorbia pulcherrima and Impatiens holstii by introducing exogenous sugars 
into the phloem and chromatographing the nectar. In Jmpatiens, character- 
istic sugar transformations occurred, resulting in the appearance in the 
nectar of glucose, fructose, and several oligosaccharides. As the order of 
appearance of these sugars was constant and the same oligosaccharides 
appeared regardless of the sugar supplied, Zimmermann concluded that the 
experimentally introduced sugar had no part in the formation of the oligo- 
saccharides. Cut shoots of Impatiens holstii placed in glucose or sucrose 
solutions secreted only sucrose; shoots placed in sorbose or arabinose secreted 
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PLATE I 


Fic. 3. Excised ee flowers in culture vessels. Left—at stage of excision from 
plant. Right—after three to four days in culture solution. 
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PLATE II 


6F 
F 


Fics. 4-6. Relationship of nectar composition to composition of the culture medium. 
M—medium; N—nectar; S—sucrose; G—glucose; F—fructose; G F—glucose and fructose; 
NP—nectar from flower on plant; Mal—maltose; La—lactose; Ga—galactose; X—xylose; 
Man—mannose; Sor—sorbose; R—raffinose; SM—sucrose medium. 
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those sugars in addition to sucrose. The inference was drawn that sugars 
characteristic of the species were used in metabolism and that extraneous 
sugars were excreted. 

As excised flowers are dependent on the sugar supplied in the medium for 
both growth and nectar secretion, in vitro methods are particularly convenient 
for assessing the role of exogenous sugars introduced into the flower. Nectar 
from the flower cultures referred to in Table V was analyzed chromato- 
graphically. Five-microliter volumes of nectar and autoclaved medium, 
containing 150 wgm. of total sugar, were spotted side-by-side on the filter 
paper so that visual comparisons might be made readily. Nectar of two 
flowers from each treatment was chromatographed, and results were found 
to be identical for the duplicates. Chromatograms are reproduced photo- 
graphically in Figs. 4, 5, and 6. Transformations occurred in the nectar of 
all sugars except xylose and sorbose. Glucose and fructose appeared in the 
nectar of flowers supplied with sucrose, and large amounts of sucrose in the 
nectar of flowers cultured on glucose, fructose, or a combination of the two. 
Sucrose also appeared in nectar of flowers cultured on mannose and raffinose. 
Four spots appeared in lactose nectar and were tentatively identified by their 
Ry values as lactose, sucrose, galactose, and fructose. The extra spot in 
maltose nectar appeared to be glucose, that in galactose nectar was not 
identified. 

In repetitions of the experiments similar results were obtained with most 
sugars, though the size and intensity of the spots varied somewhat. Conver- 
sion of sucrose into fructose and glucose was generally much weaker than 
formation of sucrose from fructose or glucose. Maltose and galactose nectar 
contained sugars with R; values equal to that of sucrose. 

In order to test the possibility that some of the sugars appearing in the 
chromatograms may not have arisen from transformations of exogenous 
sugars but rather were present when flowers were excised from the plant, 
5-ul. amounts of nectar from flowers cultured on sugar-free buffer solutions 
were chromatographed. The concentration of sugar in this nectar was too 
low for its detection on the chromatogram. It was concluded, therefore, that 
the sugars appearing in the chromatograms had their origin in the sugars in 
the culture solutions. 


Discussion and Conclusions 


Under conditions of varying sugar concentration in the culture solutions, 
and an atmospheric humidity close to saturation, the sugar concentration of 
nectar was almost identical with that of the medium; there was no evidence 
that osmotic work was done by the nectary in accumulating sugar and expelling 
it in a solution of higher concentration. Agthe (1) noted that excised nectaries 
of Euphorbia pulcherrima, floated on sucrose solutions, did not concentrate 
the solution. 

The weight of sugar secreted, as well as increase in flower dry weight, 
depended on the amount of sugar taken in by the flower. The uptake of 
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either a moderate volume of a solution of high concentration or a large volume 
of moderate concentration (at low humidities) resulted in large yields of 
nectar sugar. Secretion of very dilute nectar occurred on sugar-free or low- 
sugar media. Although nectar volume was usually greater at higher sugar 
concentrations, this was not always the case, nor was there any consistent 
linear relationship between nectar volume and medium concentration. Daily 
variation in nectar yield of as much as 100 to 200%, depending on weather 
conditions, has been found in horse chestnut (10), red clover (6), and alsike 
and snapdragon (7). Although both volume and concentration _ varied 
significantly, the extent of the variation in each could not be determined 
because of the changes in volume and concentration taking place after secretion. 

The reason for the striking superiority of sucrose over other sugars with 
respect to nectar production is not apparent. In view of the regression of 
yield on flower size, poor nectar yields on such sugars as sorbose and xylose, 
which produced smaller flowers than sucrose, might have been due in part to 
a reduced uptake of the culture solution or a lower level of metabolic activity. 
This possibility could hardly apply to sugars such as glucose, fructose, maltose, 
and raffinose, which produced flowers as large as those on sucrose. It appears 
more likely that, through some system of control in the nectary, sucrose moves 
through more readily than other sugars. Obviously, this control system 
could not be a simple differential permeability to sugars of different molecular 
size. In this case, discussion of permeability is rather meaningless in view of 
the sugar transformations which took place. 

Sugar transformations have been noted in the nectar of several species. 
The work of Zimmermann (11) with Impatiens has already been mentioned. 
An enzyme identified as a transfructosidase as well as small quantities of 
invertase are secreted in Impatiens nectar. Zimmermann has found a trans- 
glucosidase in nectar of Robinia pseudoacacia (12). Frey-Wyssling et al. (3) 
have demonstrated the secretion of invertase in nectar of Euphorbia pulcher- 
rima and transformation by the nectar of C™ glucose into sucrose and fructose. 
In the present work sucrose was found, at one time or another, in the nectar 
of flowers cultured on sucrose, glucose, fructose, lactose, maltose, galactose, 
mannose, and raffinose, suggesting the presence in snapdragon nectaries of 
enzyme systems capable of acting on a wide variety of substrates. The 
interconversions of the common plant sugars, sucrose, glucose, and fructose, 
are perhaps of the most interest. The equilibrium among these sugars appears 
to be in the direction of sucrose synthesis. Rather weak glucose and fructose 
spots were usually obtained in chromatograms of nectar from sucrose-cultured 
flowers (the chromatogram in Fig. 4 was an exception) but nectar of flowers 
supplied with either monosaccharide invariably contained large quantities of 
sucrose. Leonard (5), studying interconversions of the three sugars in detached 
leaves of corn, sugar beet, and dandelion, found that the relative proportions 
of sucrose and monosaccharides depended on the invertase activity of the 
leaves. 
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In connection with both the transformation of other sugars into sucrose, 
and the superiority of sucrose with respect to nectar yield, it is probably 
significant that sucrose is the chief sugar secreted by the ‘‘Star Charter”’ 
hybrid under natural circumstances. The chromatogram of nectar taken 
directly from a mature attached flower (Fig. 4) had a sucrose spot only. At 
other times minor amounts of glucose and fructose have been found in addition 
to sucrose. 

The data are relevant to the question of whether nectar secretion is a 
passive exudation or an active process. The secretion of a very watery nectar 
by flowers cultured on low-sugar and sugar-free media proves that in excised 
snapdragon flowers, at least, initiation of secretion does not depend on a 
build-up of sugar. The sugar transformations and the consistent differences 
in quantity of secretion on several sugar substrates, which were apparently 
taken up and assimilated by the flowers to a similar degree, strongly suggest 
a measure of localized control over secretion. Despite the lack of evidence 
for the performance of osmotic work, the data support Frey-Wyssling’s recent 
suggestion (3) that nectaries are not valves for the passive exit of sap but 
have an active metabolism. 
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EFFECTS OF VARIOUS CHEMICAL AND COLD-HARDENING 
TREATMENTS ON RESISTANCE OF SUGAR BEET 
SEEDLINGS TO FREEZING! 


By WILLIAM G. Corns? 


Abstract 


Either the free acid form or the sodium salt of Dalapon (2,2-dichloropropionic 
acid) and of TCA (trichloroacetic acid) and the sodium salt of 2,2,3-trichloropro- 
pionic acid (free acid not tested) were effective in improving the low temperature 
resistance of sugar beet seedlings grown in 4- and 8-p.p.m. solutions in the dark 
at 21°C., and evaluated by short exposures to —10°C. Isopropyl-N(3-chloro- 
phenyl) carbamate, amino triazole, sodium chloride, and trichlorobenzoic acid 
were ineffective in similar tests. In a series of experiments involving periodic 
sampling and freezing of Dalapon-treated illuminated sugar beet seedlings 
during a 24 day period of storage at 6°C., the chemically treated plants were 
again superior to the comparable controls. The ‘‘cold-hardening’’ treatments 
tended to increase the magnitude of the difference between chemically treated 
and control plants. The amount of improvement was, more variable in the 
tests with green plants than with those grown in the dark. 


Introduction 


The finding that Dalapon (2,2-dichloropropionic acid) and TCA (trichloro- 
acetic acid) under certain laboratory conditions increase the low-temperature 
resistance of sugar beet seedlings grown in the dark (2, 3) has led to compari- 
sons of other chemical formulations used in freezing trials with beets and to 
studies on the effects of some cold-hardening treatments associated with the 
use of Dalapon with illuminated plants. Results of such experiments are 
summarized in this paper and it is intended that some additional phases of 
the work dealing with biochemical analyses be discussed in a later report. 


Materials and Methods 


I. Comparison of Chemical Formulations 


Sugar beet seeds of the variety Kuhn were planted and grown in vermiculite 
moistened with water or chemical solutions as in earlier experiments (2, 3). 
Concentrations of chemicals were near the maximum that would not cause 
significant reduction in size of seedlings. After a week’s growing period 25 
severed shoots from each treatment in each replicate were attached to the 
holding tapes and subjected to freezing temperature exposures for definite 
lengths of time as shown in the tabular data. The chemicals and concentra- 
tions used also appear in the tables. 


1 Manuscript received October 5, 1955. 
Contribution from the Department of Plant Science, University of Alberta, Edmonton 
Alberta. 


2 Associate Professor of Crop Ecology, Department of Plant Science, University of Alberta. 
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II. Combination of Chemical Treatment and Cold-hardening of Illuminated 
Seedlings 

Pyrex trays containing a measured amount of sterilized soil spread in a thin 
layer and covered by a standard quantity of vermiculite were planted with 
400 seeds per tray and moistened with water or Dalapon solution. 

In order to secure early stem elongation suitable for the freezing technique, 
the containers were kept in a dark chamber for a week before exposure to 
sunlight in the greenhouse. After three or four days during which the plants 
acquired normal green color, a periodic sampling for freezing tests was begun. 
Following the initial sampling the trays of remaining plants were transferred 
to a weakly illuminated cold chamber (100 watt bulb approximately four feet 
from the trays) and held at approximately 6°C. Freezing tests were continued 
at intervals as shown in the tables to follow. Trays were removed from the 
cold chamber to room temperature for about two hours during each sampling 
period. 

Results 


I. Comparison of Chemical Formulations 

Table I records percentage survival after low temperature exposure of sugar 
beet seedlings which had received the treatments listed. 

The following conclusions appear to be justified by the data in Table I: 

1. In these experiments improvement in low temperature resistance in 
sugar beet seedlings is confined to the group of chemicals with similar structure 
viz.: Dalapon, TCA, and TP. 

2. Either a sodium salt formulation or free acids of TCA and Dalapon 
produce highly significant differences in cold resistance between treated and 
control plants. 

3. Although these chemicals consistently improve cold resistance of plants 
grown in the dark there is considerable variability in the magnitude of such 
improvement between experiments. The variability becomes more pronounced 
in experiments with green plants as evidenced by the results shown in the next 
section in which chemical treatment did not always improve cold resistance. 


II. Combination of Chemical Treatment and Cold-hardening of Illuminated 
Seedlings 

The method of preparation of the sugar beet seedlings for freezing in this 
series of experiments has already been outlined. Results are presented in 
Table II. 

These data seem to support the following conclusions: 

1. Despite variability in amount of effect of Dalapon on cold resistance of 
green sugar beet seedlings there is, nevertheless, repeated evidence of significant 
positive response in such plants. 

2. The cold-hardening treatments tend to increase the magnitude of the 
difference between Dalapon treated and control plants. 

3. On the whole, the higher concentrations of Dalapon were slightly more 
effective than the lower concentrations used in these experiments. 
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TABLE I 


COMPARISON OF EFFECTS OF CHEMICALS ON LOW TEMPERATURE RESISTANCE OF SUGAR 
BEET SEEDLINGS 


(Mean % survival for replicate samples of shoots exposed for six minutes at — 10°C. following 
various chemical treatments) 


% Increase 
Experiment No. Treatments (a) % Survival over check 

5 Check 18 _ 

(4 replicates) Dalapon 4 p.p.m. 50 32°* 
Dalapon 8 p.p.m. 71 ad 

Mixture of Dalapon, TP, TCA salts 4 p.p.m. 56 38** 

(b) Mixture of Dalapon, TP, TCA salts 8 p.p.m. 59 ie 

8 Check 35 _ 

(5 replicates) TCA free acid 4 p.p.m. 69 K | ed 
TCA free acid 8 p.p.m. 72 sr” 

10 Check 17 _ 
(3 replicates) TCA salt 4 p.p.m. 41 a“ 
TCA acid 4 p.p.m. 47 
Dalapon salt 4 p.p.m. 41 a" 
Dalapon acid 4 p.p.m. 44 27° 
TP salt 4 p.p.m. 57 40** 

11 Check 25 
(3 replicates) (c) TP salt 4 p.p.m. 81 56** 
(c) TP salt 8 p.p.m. 77 se"? 

12 Check 13 _ 

(3 replicates) {3 IPC 4 p.p.m. 9 0 
d) IPC 8 p.p.m. 11 0 

13 Check 29 _ 

(3 replicates) AT 4 p.p.m. 24 0 
AT 8 p.p.m. 25 0 

AT 12 p.p.m. 25 0 

15 Check 23 _ 

(3 replicates) NaCl 4 p.p.m. 27 4 
NaCl 8 p.p.m. 20 0 

NaCl 12 p.p.m. 24 1 

19 Check 47 _— 

(3 replicates) HC-1281 0.05 p.p.m. 47 0 
HC-1281 0.10 p.p.m. 37 0 

(e) HC-1281 0.25 p.p.m. 40 0 


** Indicates statistical significance at the 1% point. 

(a) Treatments, General; Dalapon is sodium salt of 2,2-dichloropropionic acid (Dow Chem. 
Co.); TP is sodium salt of 2,2,3-trichloropropionic acid (Am. Cyanamid Co. Cpd. 6249); TCA 
ts sodium salt of trichloroacetic acid (Dow Chem. Co.); IPC is isopropyl-N (3-chlorophenyl ) 
carbamate (Green Cross Products); AT is 3-amino-1,2,4-triazole (Am. Cyanamid Co.); HC 
is of free acids of isomers of trichlorobenzoic acid, principally 2,3,6-isomer (Heyden 

Corp.). 

(b) Expt. 5; 8 p.p.m. Dalapon caused slight root inhibition. . 

ro f c) Expt. 11; TP, 4 and 8 p.p.m. caused approximately 14% and 22% inhibition of shoot 
gth. 

{?) Expt. 12; IPC, 4 and 8 p.p.m. caused approximately 13% and 17% inhibition of shoot 

t 


(e ) Expt. 19; HC 1281, 0.25 p.p.m. caused approximately 14% inhibition of both root and 
shoot length. 
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TABLE II 


EFFECT OF DALAPON AND COLD-HARDENING TREATMENTS ON THE RESISTANCE OF SUGAR 
BEET SEEDLINGS TO FREEZING 


(Mean percentage survival of triplicate samples following exposure for six minutes at 
— 10°C. on specified days from beginning of hardening period at 6°C.) 


Conc. of Days 
D. 1 


p.p.m. (1) 1 3 4 6 10 12 420 24 


Expt. 17 
(1 replicate) 
% Survival of check plants 0 8 0 0 _ 10 _ 10 _ _— 
% Increase in survival of treated 4 0 5 -- 40 35 
plants 8 0 13 25 30 20 _ 
Expt. 20 
(3 replicates) 
% Survival of check plants 0 24 32 44 — 35 _ 45 — 39 
% Increase 4 12 7 13 _— 29* — 30 _ 28** 
8 39* 32 — 34 32%* 
Expt. 25 
(3 replicates) 
% Survival of check plants 0 59 52 39 _ 23 —_ 32 _ 20 
% Increase 4 20 17 18 — — 26 
8 16 23 29 _ — — 25 
Expt. 30 
(3 replicates) 
% Survival of check plants 0 35 27 44 33 
% Increase 4 25 -- 25* — 12 27* — 
8 16 3247 — 19* — — 
* Statistically significant at 5% point. 
** Statistically significant at 1% point. 
Discussion 


Similar work is progressing with plants whose shoots receive no initial period 
of exposure to continuous darkness. Results are promising though variable. 
It will be desirable in these studies to investigate alternatives to the short 
sharp temperature treatment which has been used routinely as a method of 
terminal evaluation. Techniques involving considerably longer exposures to 
freezing temperatures higher than —10°C. should be instructive. 


It is relevant to note that progress is being made in tests involving parsnip 
seedlings treated with certain growth substances and finally exposed for short 
periods to freezing temperatures in the laboratory. Our original, and so far 
unrepeated, field observation concerning effects of chemicals on cold resistance 
was made on parsnips (1). The successful laboratory results with this species 
therefore suggest that the positive laboratory results described for treated 
beet seedlings may be correlated with potential desirable response of beets 
grown and appropriately treated under field conditions. Attempts to deter- 
mine ways to achieve this response in the field with foliage sprays or soil 
treatments have as yet been unsuccessful. 
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STUDIES ON THE ETIOLOGY OF A ROOT ROT OF WINTER 
WHEAT IN SOUTHWESTERN ONTARIO! 


By W. G. BENEDICT AND W. B. MounrtaAIN? 


Abstract 


The fungus Rhizoctonia solani Kiihn and the root-lesion nematode Pratylenchus 
minyus Sher & Allen were closely and consistently associated in naturally 
occurring infections of winter wheat. The resultant root rot was characterized 
by markedly yellowed and stunted patches of plants in the wheat fields during 
spring growth. In greenhouse and field experiments the combined effects of the 
fungus and the nematode upon growth of the wheat was almost twice as great as 
the effect produced when either pathogen was controlled by a selective soil 
treatment. By pure culture techniques it was not possible to show that in the 
penetration of wheat roots the fungus was dependent upon the nematode or that 
the converse was true. 


introduction 


In recent years, a disease rendered conspicuous by the occurrence during 
late May and early June of patches of markedly yellowed and stunted plants 
has appeared to affect seriously the yield of winter wheat in Essex, Kent, and 
Lambton, especially where in these counties wheat is grown extensively on 
the lighter soils. Surveys during 1953 and 1954 showed that over 35% of the 
stands contained the yellowed and stunted patches and that over 320%, of the 
wheat acreage was affected by the disease. 

More than 3000 microscopic examinations of incipient lesions on diseased 
roots revealed only two parasitic microorganisms in abundance. The 
mycelium of the fungus Rhizoctonia solani had ramified through leaf sheaths, 
the subcoronal stem, and root tissues of diseased plants, while numerous 
nematodes of the species Pratylenchus minyus appeared in all stages of their 
development in the same root tissues (Fig. 1). The fungus R. solani was also 
found in copious amounts on the surface of diseased plant roots (Fig. 2) and 
stems at or below the soil surface. Other microorganisms found during this 
investigation are included in Table I to give a complete list of both the parasitic 
and the saprophytic forms, even though most of them occurred only in 
advanced stages of the root rot. 

The present studies were made to determine the cause of the root rot of 
winter wheat and to investigate the premise that an interrelationship existed 
between the consistently associated microorganisms R. solani and P. minyus 
during disease development. 


Symptoms 


Field symptoms were characterized by large patches of unthrifty plants 
when the wheat crop was in the boot stage of development. A general 
picture of the disease is shown in Fig. 3. Individual diseased plants showed a 

1 Manuscript received nad 31, 1955. 
Contribution No. 1487, from ‘!- Cutany and Plant Pathology Division, Science Service, 


Conada Department of A griculture, Ottawa, Ontario. 
- Associate Plant Pathologists, Science Service Laboratory, Harrow, Ontario. 
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TABLE I 


MICROORGANISMS FOUND IN INFECTED WHEAT ROOTS* 


Fungi Nematodes 
Rhizoctonia solani Pratylenchus minyus 
Lagena radicicola Tylenchorhynchus claytoni 
Cryptoascus graminis Tylenchus filiformis 
Rhizophagus sp. Xiphinema americanum 
Fusarium sp. A phelenchoides ( parietinus-like) 
Pythium sp. Aphelenchus avenae 
Helminthosporium sp. Chiloplacus symmetricus 
Ophiobolus sp. Discolaimus texanus 
Alternaria sp. Dorylaimus intermedius 
Chytrid-like bodies Dorylaimus monohysteria 
Bacteria Panagrolaimus subelongatus 
Rhizomorphs Rhabditis strongeloides 
Trachysphaera sp. Rhabditis sp. 


* The microorganisms occurred infrequently except the first one in each column. 


range of symptoms as illustrated in Fig. 4. They were invariably stunted, 
and in a few instances killed. Tillering was reduced. Some of the leaves 
were yellow and the leaf sheaths purple. Dark zonate lesions on the basal 
leaf sheaths and subcoronal internode along with a cortical rot of the root 
system were also conspicuous symptoms of the disease. In the greenhouse, 
wheat grown in * :fested field soil was stunted (Fig. 5). 


Literature Review 


Several investigations of Rhizoctonia solani on cereals have been reported 
in the literature. It has been shown also that nematodes have been associated 
with root rots of small grains. The disease of wheat presently described is 
similar to that reported by Hynes (10) in 1937, in New South Wales, with 
the exception of the apparent absence of nematodes associated with the 
rhizoctonia root rot in that part of Australia. Previously, in South Australia 
Samuel (20) in 1928 found diseased patches in wheat “produced either by 
eelworm attack or by a species of Rhizoctonia’. The nematode proved to be 
Heterodera schactii (21), which the author considered to be of minor importance 
as a causal factor of rhizoctonia blight of wheat. R. solani also has been 
isolated from the crown and root tissue of wheat (4) on which host its 
parasitism included pre-emergence blighting. Apparently nematodes alone 
may be important in producing root rot of small grains (27). Pratylenchus 
spp. especially have been reported as widespread and serious pests of wheat : 


Fic. 1. Mycelium of R. solani and a nematode and egg in an infected wheat root. 
Fic, 2. R. solani causing a lesion on an infected wheat root. 
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(11, 12,27). However, Pratylenchus minyus has not been previously reported 
infesting wheat. Originally described by Sher and Allen (23) this nematode 
was reported from California, Nevada, and Colorado on pear, grape, date 
palm, potato, and strawberry. Investigations at the Harrow laboratory by 
Mountain (17) have shown that P. minyus is widespread in the lighter soils 
of southwestern Ontario where it infests such crops as tobacco, corn, timothy, 
rye, wheat, oats, tomato, and soybean. 


The concept of nematodes being associated with other microorganisms in 
the production of a root rot is by no means new. A root rot of rubber has 
been shown to result from the interaction of Erwinia carotovora and other 
bacteria with nematodes of the genera Rotylenchus, Pratylenchus, and 
Aphelenchus (13). The relationship of root-knot nematodes to black-shank 
resistance in tobacco has been shown by Sasser et al. (22). In strawberry 
cauliflower disease Crosse and Pitcher (5) showed that typical symptoms 
could be reproduced only by a combination of the nematodes A phelenchoides 
ritzema-bosi or A. fragariae and the bacterium Corynebacterium fascians. In 
this latter investigation, the authors, while unable to define the relative roles 
of the nematode and the bacterium in the production of symptoms, considered 
that the bacterium was probably responsible for the symptoms and that the 
nematode acted as a vector, but that there was also the possibility of a more 
synergistic relationship. 

Cotton wilt results from infection by the fungus Fusarium vasinfectum, but 
only in the presence of plant parasitic nematodes. Thus Taylor et al. (28) 
were able to show by the use of a fumigant that controlled the nematodes but 
did not control the fungus that the presence of plant parasitic nematodes 
influenced infection by the wilt organism. A number of nematodes are 
involved in this complex, including Meloidogyne spp., Pratylenchus spp., 
Belonolaimus gracilis, Tylenchorhynchus sp. (9, 19, 24, 29). The addition of a 
population of the sting nematode, Belonolaimus gracilis, to fungus-infested 
soil increased the number of wilted plants by 77% (9). It has been shown 
that the parasitic nematodes provide the wound through which the wilt 
organism enters the host (25). 

A number of other nematode-fungus complexes have also been investigated. 
A species of Pratylenchus is suspected of being associated with the fungus in 
Sclerospora root rot of sugar cane in Louisiana (3). Pratylenchus sp. has been 
suspected of being associated with fungi and bacteria in the etiology of straw- 
berry root rot in Ontario, but the relaticnship has never been investigated (8). 


1G. 3. Large patches resulting from development of a root rot disease in a field of 
Cornell 595 wheat about one month before the wheat was mature. 

Fic. 4. Effect of the root rot disease in individual plants. Left: Healthy plant. 
Right: Increasing severity of the stunting and root rot in wheat plants taken from the 
same field as the healthy plant. 

Fic. 5. Growth of wheat in the greenhouse in five weeks at 90° F. From left to right: 
in sterilized soil, rhizoctonia-inoculated soil, and naturally infested soil. This figure 
illustrates the effect of a pure culture of the fungus pathogen upon the host ina preliminary 
experiment utilizing sterilized soil and constant temperature. 
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Stunting and chlorosis of celery in Connecticut apparently caused by 
Paratylenchus hamatus also appears to be associated with Rhizoctonia sp. (14). 
A root rot of pine seedlings in Mississippi apparently results from a nematode- 
fungus complex (7). 


Experiments 


STUDIES OF THE ROLE OF FUNGUS AND NEMATODE BY SOIL TREATMENTS 


In order to investigate the possible interrelationship between the two 
organisms during disease development, experiments were undertaken to 
compare the role of the fungus with that of the nematode in parasite—host 
associations. Infested soil, a Berrien sandy loam, was obtained from a field 
of severely infected wheat near Highgate, Ontario. 


Preliminary Greenhouse Experiments 


It has been reported elsewhere (26, 30, 31) that ethylene dibromide at the 
concentration used in these experiments has poor fungicidal but effective 
nematicidal properties; methyl bromide at the same concentration has been 
shown to be effective both as a fungicide and a nematicide (16, 26, 30). Because 
of the selective action of these two chemicals they were employed in the 
present investigation. For soil treatment each chemical was used on 10 
six-inch pots of infested soil. Dowfume W-85 (83% by weight of ethylene 
dibromide) was injected into the soil of 19 pots at the rate of 0.2 ml./kgm. of 
soil. Methyl bromide fumigation of the infested soil at the rate of 0.2 
ml./kgm. was carried out for 24 hr. in large galvanized pails fitted with 
gas-proof covers and the soil was aerated before it was placed into the 10 
other pots. 


Ten wheat seeds of the variety Cornell 595 were planted at a uniform depth 
in each pot of soil and the pots were placed at random on a greenhouse bench. 
After emergence the seedlings were thinned to five uniform plants in each pot. 


The height of each plant was measured at the end of 10 weeks to assess the 
growth in each treated soil. Parasitic nematodes per gram of root tissue 
were calculated for each treatment by utilizing the Baermann funnel technique 
described in an earlier work by Mountain (17). Also ratings of R. solani on 
and within the wheat roots were determined for each treatment. These 
ratings represent measurements of the intensity of infection revealed by the 
amount of the fungus present. The ratings in Table II were obtained as 
estimates of R. solani found by microscopic examination of 10 samples each 
of 20 root pieces 10 mm. in length selected at random and stained with acid 
fuchsin in lactophenol. Each root piece was classified according to a numerical 
rating of 1 to 5 within 5 classes ranging from healthy to severely infected by 
the fungus. The ratings of the samples were averaged for each treatment. 
The method which is in effect a modified form of the index developed by 
McKinney (15) in 1923 reduces the disease intensity attributable to the 
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TABLE II 


EFFECT OF TWO SOIL TREATMENTS ON THE GROWTH OF WINTER WHEAT AND 
ON Rhizoctonia solani AND Pratylenchus minyus 


Growth per plot P. minyus (per gm. of root) R. solani rating 
Plant Plant Root 
height weight weight 
Treatment (mm.) (gm.) (mgm.) Actual Transformed Actual Transformed 

Check 1357.9 2.89 380.00 1039 27.81 6.3 2.52 
Ethylene dibromide 1473.5 3.37 733.33 11 3.26 2.0 1.29 
Methyl bromide : 1578.7 4.05 1690.00 1 1.41 0.6 1.05 
L.S.D. 5% 118.9 0.47 268.88 10.18 0.27 
1% 163.0 0.66 406.07 15.43 0.44 


fungus in this root rot to a simple expression as a percentage of the highest 
possible rating. The resultant data of this and following experiments were 
subjected to analyses of variance. 


It may be seen from Table II that the growth of wheat seedlings, as deter- 
mined by height and weight, was significantly greater in soil that had been 
treated with methyl bromide than in soil treated with ethylene dibromide. 
Although both fumigants reduced the nematode populations to negligible 
numbers it was surprising to observe that after soil treatment with either 
chemical the amount of fungus was significantly reduced. Two of the most 
plausible explanations for the reduction of fungus following treatment with 
ethylene dibromide are the following: (a) the ethylene dibromide has fungicidal 
properties, an explanation which certainly has no support in the literature, or 
(b) in the infection court there is a change in the interrelationship of the 
fungus and the nematode to the detriment of the former and associated with 
the control of P. minyus. The small difference in the amount of fungus 
following both chemical treatments is not surprising, however, since the 
experiment was continued for 10 weeks and reinfestation of the methyl- 
bromide-treated soil was possible during that time and build-up of the fungus 
would be rapid, whereas presumably the fungus was present in the ethylene- 
dibromide-treated soil throughout the experiment. The very considerable 
increase in root weight of the plants growing in the methyl-bromide-treated 
soil over that in the ethylene-dibromide-treated soil could only be due to the 
initial control of the fungus. 


Controlled Soil-temperature Experiments 


Experiments utilizing the control of soil temperature and an additional 
treatment of the soil were designed to make further studies of specific effects 
of the two pathogens during disease development. The infested soil was 
identical with that used in the previous experiment. In addition to ethylene 
dibromide and methyl bromide, a selective fungicide, malachite green, was 
used as a soil drench applied at a concentration of 0.1%. Hastings and 
Bosher (6) showed that at this concentration malachite green is an effective 
fungicide and bactericide but that it has no appreciable effect upon the 


j 


164 - CANADIAN JOURNAL OF BOTANY. VOL. 34, 1956 


meadow nematode, Pratylenchus pratensis. A preliminary experiment in the 
current investigation indicated that malachite green at a concentration of 
0.1% inhibited growth of R. solani and had no -effect on the nematode 
Pratylenchus minyus. 

In these experiments five Wisconsin soil-temperature tanks which ranged 
in temperature from 50° to 90° F. at 10° intervals were utilized. In the tanks 
metal trays were used, each tray containing 20 aluminum foil planting boxes, 
a type of container described in a previous paper (2). By this means it was 
possible to obtain five replicates of each treatment at each temperature. 
Ten wheat seeds were planted in each box as in the pots in the previous 
experiment and later the seedlings were thinned to five plants. The replicates 
were placed at random in each tray. At intervals of 25, 48, and 74 days 
after seeding, growth of the wheat was determined by measuring the height 
of each plant. Differences in growth were analyzed by means of the ¢ test. 

Table III shows that after the soil had been treated with malachite green, 
a chemical which at a concentration of 0.1% controlled R. solani, the greatest 
increase in growth of the wheat seedlings took place at the end of 25 days ina 
soil temperature of approximately 80° F. This temperature, which probably 
induced the fungus to cause a greater stunting effect than the nematodes on 
the plants, was also the temperature most favorable for growth of this fungus 
in pure culture. The negative response to treatment, with malachite green 
at 90° F. after 25 days of growth might possibly be due to phytotoxicity. 


TABLE III 


EFFECT OF SOIL TREATMENTS UPON THE GROWTH OF WHEAT 
AT CONTROLLED SOIL TEMPERATURES 


Increase in plant height over check (mm.) 


Check, av. ht. Complete 
Days of plants in Fungicide, | Nematicide, fumigation, 
after Soil infested soil malachite ethylene methyl 
seeding temp. °F. (mm.) green dibromide bromide 
25 50 136 
60 190 39** 90** 
70 213 69** 
80 218 46** a 99** 
90 213 0 —8 
48 50 160 
60 203 80** 
70 220 94** 
80 221 43** 95°* 
90 218 80** 
74 50 184 3 
60 233 12 23** 115** 
70 248 —14 118** 
80 231 isa" 
90 222 ag 40** 142** 


* Significant at 5% value. 
** Significant at 1% value. 
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The growth of the wheat at all soil temperatures at the end of 48 days was 
significantly increased following treatment with this fungicide. At the end 
of 74 days, however, the fungicide had no beneficial effect upon the growth 
of the wheat except at 80° and 90° F. and even at these temperatures the 
effect was much less pronounced. 

The growth of seedlings in soil that had been treated with the nematicide 
ethylene dibromide increased fairly consistently over those in untreated soil 
when the temperature was between 50° and 80°F. It was observed that 
stunting caused by the nematodes is rather constant over this temperature 
range. There was no significant increase in growth at 90° F. until the end of 
48 days. By the end of 74 days, there was still a significant response at all 
soil temperatures, but the response was less at the lower and greater at the 
higher temperatures. From these observations it appeared that in the seedling 
stages the stunting of wheat at the higher soil temperatures, 70° and 90° F., 
was due more to injury caused by the fungus than by the nematode whereas 
at the lower soil temperatures stunting was due rather to damage caused by 
the nematode. It will be shown later that this relationship changes with 
time during the development of the host. 

In soil that had received the methyl bromide treatment the growth response 
was, with one exception, more than twice as great as that in soil subjected to 
either of the other soil treatments. Also, Table III shows that when both 
pathogens are controlled, growth is twice as great as when either is controlled 
separately. In addition, it may be observed that by the end of 74 days, the 
growth response following soil fumigation with methyl bromide increased 
when the soil temperature was increased. This suggested that the disease 
was more severe at the higher soil temperature during this period of host 
development. 

The optimum temperature for growth of wheat seedlings in soil treated with 
methyl bromide was between 70° and 90° F. 


EFFECT OF SOIL TEMPERATURE UPON THE PATHOGENS AND THE GROWTH OF 
WHEAT FROM SEEDLING TO MATURITY IN INFESTED FIELD 
SoIL UNDER CONTROLLED CONDITIONS 


In view of the fact that the preceding experiments indicated that R. solani 
appeared to be a more active pathogen at the higher and P. minyus at the 
lower soil temperatures during the seedling stage, the investigations were 
carried further to study the relative effect of these microorganisms on the 
host from seedling to maturity. In addition, this experiment was designed 
to make it possible to observe, under controlled conditions, the development 
of symptoms of the disease and build-up of the two pathogens within the roots. 

As before, the Wisconsin soil temperature tanks were used at the tempera- 
tures of 50° to 90° F. in 10° increments. For each temperature 60 aluminum 
foil planting boxes were filled with the infested soil and half of them were 
sterilized with methyl bromide as in the preceding experiment. The boxes 
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were placed at random in the trays as before. Into each box were then 
placed 10 wheat seeds of the variety Cornell 595 and, after germination, the 
seedlings were thinned to five uniform plants. A moderate level of soil 
moisture was maintained by careful daily watering. 

At weekly intervals after planting, one box of treated and one of untreated 
soil was selected at random and removed from each temperature tank. The 
height and weight of the tops of the plants were measured and the soil was 
carefully washed from the roots. For nematode extraction the roots were 
then placed in the Baermann funnels and part of the root system was examined 
microscopically for fungus content. Following this, the roots were dried and 
weighed. This procedure was carried out for 30 weeks at the end of which 
time most of the wheat remaining had matured. At intervals the soil was 
screened for ectoparasitic nematodes. 

In order to present this information in the space available it was necessary 


to average all the data at intervals of five weeks. A summary is presented 
in Table IV. 


TABLE IV 


EFFECT OF SOIL TEMPERATURE UPON VARIOUS FACTORS IN THE DISEASE 
COMPLEX DURING THE ONTOGENY OF THE HOST 


Factor Weeks Temperature, ° F. 
(av. in 5-wk. after 
period) seeding 50 60 70 80 90 
Disease* 1- § 22.4 16.0 17.2 35.5 29.7 
10 41.7 40.5 55.4 63.5 76.6 
11-15 56.7 54.5 47.0 69.9 79.0 
16-20 65.6 50.4 40.6 72.2 88.7 
21-25 65.2 45.4 39.6 66.6 79.2 
30 45.3 55.1 31.8 59.3 75.5 
D D D D D 
P. minyus per gram of 1-5 207 245 233 420 654 
root 0 147 192 531 352 9201 
11-15 89 210 406 1512 9567 
16-20 49 44 377 12269 
21-25 43 29 107 319 
26-30 251 54 333 355 8782 
R., solani rating 1- § 2.3 4.2 1.0 4.2 1.6 
. 10 1.0 1.0 2.8 1.0 0.9 
11-15 10.2 3.2 2.8 1.6 0.2 
16-20 1.6 0 0 0.2 0 
21-25 4.1 0.1 0.2 0 0 
26-30 2.8 0.5 0.2 0.6 0 
Ss D Ss D Ss D Ss D Ss D 
Plant height (mm.) 1- 5 139.6 125.0 265.2 198.8 326.7 256.3 302.8 237.0 .8 205.3 
6-10 271.4 225.1 335.1 281.7 372.2 303.0 355.9 283.6 299.9 237.4 
11-15 292.9 231.4 363.0 276.2 382.8 295.1 391.2 265.7 305.4 239.7 
16-20 312.5 289.2 330.7 263.8 371.4 295.2 269.0 273.1 :9 227.9 
21-25 618.8 546.0 549.2 501.2 414.3 419.6 406.9 355.1 307.8 199.6 
26-30 610.1 548.4 626.4 629.8 584.9 525.2 523.0 429.3 353.9 188.0 
Plant weight (gm.) i- 0.18 0.39 O.21 0.40 0.31 0.40 0.28 0.32 0.22 
6-10 0.48 O.30 0.58 O.45 0.68 0.45 0.59 0.35 
11-15 0.52 0.32 0.62 0.35 0.80 0.50 0.98 0.48 0.37 0.47 
16-20 0.71 O.72 0.43 0.93 1.12 0.52 1.28 0.51 
21-25 2.70 1.83 2.40 1.85 2.90 2.08 3.36 2.16 2.17 1.22 
26-30 2.50 2.39 3.00 3.06 3.73 3.88 4.01 3.24 3.70 2.38 


S = sterilized soil. 
D = infested soil. 
All numbers are derived from averages of 25 plants. 
* Disease: the percentage reduction of the weight of the roots in the nontreated soil as compared 
with that in the treated soil. Since this disease is essentially a root rot, a quantitative determination 
of the amount of root rot is essentially a determination of the amount of disease. 
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Disease 


As seen in Table IV the disease was most severe at 90° F. and was much less 
at the lower soil temperatures. At all temperatures the incidence of disease 
was highest at about the 18th week and from then on declined slightly. In 
some cases, 80% of the plants in the boxes at 90° F. died by the 16th to 18th 
week. Plants at both 80° and 90° F. died in nontreated soil by the end of 
eight weeks. Killing was much less at 70°F. and none occurred below 
this temperature. 


Plant Height and Weight 


In general, reduction in height and weight, as shown in Table IV, paralleled 
the disease pattern. Statistical analyses of growth data showed that by the 
end of 14 days, a significant stunting occurred at 60°, 80°, and 90° F., the 
most stunting occurring at 80°F. At the end of 31 days and of 44 days, 
significant stunting also occurred at 70° F. and at 50° F., respectively. The 
most severe stunting of all occurred after 17 weeks of growth at 90° F. 

Tillering of the plants appeared at the end of six weeks at 50° F. and later 
at the higher temperatures in the treated soils. Tillering did not appear in 
any nontreated soil until the end of 19 weeks and was always much less in this 
soil than in the sterilized soil at all temperatures. 

Heads appeared at the end of 26 weeks of growth at 50°F. in the treated 
soil. Heading in general was earlier and the heads much larger in the treated 
soil at all temperatures. At 90° F. very little heading occurred in either soil. 


Nematodes 


Pratylenchus minyus was present at the end of seven days in the roots of 
seedlings in the nontreated soil at the three highest temperatures and, as 
seen in Table IV, was abundant at all temperatures by the end of 21 days. 
The optimum temperature for the development of P. minyus is obviously at 
least 90° F. Earlier studies on the effect of soil temperature upon this species 
parasitic in tobacco roots showed the optimum temperature for development 
to be at least 100° F. (17). Weekly studies showed a rhythmical variation in 
the population of this nematode, particularly at 90° F. Peak populations 
occurred at approximately five-week intervals, with intermediate declines. 
Usually, the peak was approached gradually and then declined gradually. 
No explanation for the variation can be given at this time. 

At 90° F., Tylenchorhynchus claytoni appeared at about the 18th week after 
planting. With time, this nematode became quite common at 80° and 90° F., 
but rarely occurred below these temperatures. By the end of the experiment, 
approximately 10% of the tylenchids occurring at 90° F. consisted of this 
species. Dorylaims appeared at the lower temperatures at the end of six 
weeks, but throughout the entire experiment they were never numerous at 
soil temperatures above 70° F. 

At the lower temperatures, the nematode populations reached a peak early 
in the ontogeny of the host and then declined so that by the end of 18 weeks 
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of growth, very few Pratylenchus occurred. However, when the wheat was 
mature the nematode population increased at 50° F. 

At the higher soil temperatures the nematode population peak did not 
appear until later in the ontogeny of the host and did not decline as much as it 
did at 70° and below. Very little decline in the population occurred at 90° F. 

Thus it appears that the nematodes become much more numerous at the 
higher temperatures and much less numerous at the lower temperatures in 
later stages of development of the wheat than in the seedling stages of growth. 


Fungus 

As in preceding experiments, the incidence of Rhizoctonia solani was 
determined quantitatively by means of the fungus rating. 

The fungus at the end of 14 days was present in the roots at 50°, 70°, and 
80° F. At the end of 21 days as seen in Table IV, the fungus was abundant 
at all temperatures, especially at 80° F. At approximately the 13th week the 
fungus reached a peak at soil temperatures below 70° F., declined after this 
time, and was most abundant at the coolest temperature. At 80° F. and 
above, the incidence of R. solani was highest at the end of the third week, 
declined after this, and disappeared at 90° F. at the end of the 13th week. 

Thus it appears that in later stages of development of the host the fungus 
becomes more active at the lower soil temperatures and less active at the 
higher soil temperatures, a phenomenon exactly opposite to that found with 
regard to the nematodes. 


FIELD STUDIES 


In order to investigate the disease under natural conditions, a wheat field 
was selected in the Highgate area, Kent County, in which wheat had been 
severely diseased in the spring of 1953. In September of that year, the soil 
in selected areas in this field was given three different treatments as follows: 
(a) Arasan (to control the fungus alone) applied at the rate of 0.1 gm. per 
sq. ft. and mixed thoroughly into the top three inches of soil, (6) ethylene 
dibromide (to control the nematode alone) applied at eight-inch centers with 
a hand injector at the rate of 3.34 ml. per sq. ft., (c) methyl bromide (to 
control both fungus and nematode) applied under a gas-proof cover at the 
rate of 0.02 lb. per sq. ft. Treated and check plots each 10 ft. sq. were 
replicated four times in a random design. Following this, wheat was sown at 
a depth of three inches in the field by means of a commercial grain drill. 

At intervals throughout the ontogeny of the host, examinations were carried 
out to determine the stand and growth of the wheat and to quantitatively 
evaluate the pathogenic microorganisms present. The results of these 
examinations are shown in Table V. 


Stand 
There was no significant difference in the number of plants or culms per 


plot regardless of the treatment until June and then only between the methyl 
bromide treatment and the check at the 5% value (see Table V). 
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TABLE V 


GROWTH OF WHEAT AND ACTIVITY OF MICROORGANISMS CORRELATED 
WITH SOIL TREATMENT IN THE FIELD 


Parasitic 
Plants Av. height Rhizoctonia nematodes per 
Treatment per 30 ft. 50 plants(mm.) solani rating gram of root 
October 9, 1953 
Check $5.5 77.8 2.75 562 
Arasan 63.5 554 
Ethylene dibromide $7.5 76.7 1.42 98 
Methyl bromide 56.0 68.9 0.75 0 
November 4, 1953 
Check 64.2 132.1 8.62 1062 
Arasan v2.8 136.2 92 924 
Ethylene dibromide 61.7 127.8 0.87 13 
Methyl bromide 74.7 116.7 0 1 
December 8, 1953 
Check 168.7 5.87 1066 
Arasan No change 168.7 3.29 1178 
Ethylene dibromide 166.6 1.62 19 
Methyl bromide 167.2 0 0 
April 27, 1954 
Check 59.0 17i2 2.12 658 
Arasan $6.5 186.4 0.12 319 
Ethylene dibromide 54.7 188.2 0.62 11 
Methyl bromide 63.0 182.7 0.12 8 
June 3, 1954 
Trans- 
Culms Actual formed 
per 30 ft. rating rating 
Check 155.0 719.39 6.25 0.82 430.0 
Arasan 195.2 813.36 1.75 0.45 327.5 
Ethylene dibromide 214.2 812.55 1.25 0.40 60.0 
Methyl bromide 286.2 897.29 0 0.22 57.5 
LS.D. 5% 105.5 101.98 0.19 275.6 
1% 151.7 146.65 0.27 396.4 


Plant Height 


There was no difference in the plant height among the various treatments 
until June, when severe stunting was evident in the checks. This period 
corresponds to the time at which stunting was very evident the previous year 
in this field. In plots which had been treated with methyl bromide, plants 
were significantly better than those in the check. The increase in growth 
resulting from treatment with Arasan and ethylene dibromide was not quite 
significant at the 5% value over the check (see Table V). 
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Yield 


The yields of wheat growing in all treated soils were greater than those in 
the check; yield from plots that had received the methyl bromide treatment 
almost doubled the yield in the check. 


Fungus 


As indicated in Table V the quantitative determination of fungus activity 
based upon the fungus rating showed that there was a consistently higher 
incidence of fungus in the check plots than in any of the treated plots. In the 
first determination there was no effect of the Arasan treatment upon the 
fungus, but subsequent determinations showed that this chemical did control 
the fungus. As in previous experiments, the ethylene dibromide affected the 
fungus rating either fungicidally or by upsetting the association of fungus and 
nematode. The methyl bromide treatment was the most effective in 
controlling Rhizoctonia solani in the field. 


Nematodes 

Excellent control of all nematodes was obtained by the use of methyl 
bromide; ethylene dibromide also proved to be a very effective nematicide. 
Arasan appeared to have no effect upon the nematode population (see 
Table V). 

The shifts in the nematode complex within the roots of wheat are shown in 
Table VI. From October until April, most of the parasitic nematodes were 
of the species Pratylenchus minyus. After April, however, the percentage of 
P. minyus declined and other nematodes, presumably parasitic, appeared. 
These included Tylenchus filiformis and Tylenchorhynchus claytoni. By July 
of 1954, the parasitic nematode complex in the wheat root was essentially 
similar to that observed the previous season at the corresponding time. Soil 
screening carried out periodically failed to show the presence of any other 
parasitic nematodes. 


Remarks 


These field studies have shown that both the fungus and P. minyus are 
active in the fall and on into the winter, but that they produce no visible 
above-ground symptoms of the disease until the following June. However, 
in the soil that was treated with methyl bromide, the root systems of the 
plants were larger than those in the untreated soil from the fall of the year 
till the following summer. The field experiments confirmed the results of the 
greenhouse tests which showed that the increase in plant growth following 
soil treatment with methyl bromide almost doubled the increase following 
treatment with either the nematicide or the fungicide used. These results 
should be considered if a control of the disease in the field is to be found. 


CULTURAL STUDIES 


In view of the fact that it had not been possible to gain clearer evidence 
regarding an interrelation of the two pathogens in natural root infections, 
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pure culture techniques were used to investigate more critically the possible 
interdependence of the fungus and the nematode for the penetration of host 
tissue. Wheat seedlings were grown aseptically in large (38 K 300 mm.) test 
tubes in Pfeffer’s solution containing 0.5% agar. Rhizoctonia solani was 
introduced into certain of the tubes when the seedlings were four days old. 
Pratylenchus minyus, sterilized in 0.1% solution of streptomycin sulphate as 
described previously (18), were introduced into other tubes in the presence 
or the absence of the fungus. 


Results 


The fungus readily grew through the agar and penetrated the wheat roots 
at all points. In most cases the nematodes failed to penetrate the wheat roots, 
but occasionally they could be found within the roots, regardless of whether 
the fungus was present. No evidence was obtained to show that, in the 
penetration of the roots, the fungus is dependent upon the nematode or that 
the converse is true. Previous studies have proved that Pratylenchus minyus 
may act as an obligate parasite on plant tissues, for example, in the roots of 
corn and tobacco, in the absence of fungi or bacteria (17). 


Discussion 


Fall wheat, being a winter annual, develops a root system which remains 
in an environment of intense biological activity for a period of approximately 
ten months. Evidence presented here shows that the fungus, Rhizoctonia 
solani, and the nematode, Pratylenchus minyus, both are active in the soil 
throughout the ontogeny of the wheat and parasitize the root during the 
months in fall, winter, and spring when there is little or no root growth. Thus 
root degeneration continues all winter and a few new roots are produced by 
the host to overcome the effects of the infection. This rather unusual com- 
bination of pathogenic activity during long periods of root inactivity 
complicated the study of the possible interrelationships between the two 
organisms and their separate or combined effects upon the host. 

It was shown that when roots are first formed by the wheat seedling they 
are penetrated almost immediately by the fungus and the nematode. In the 
greenhouse, the result is rapid deterioration of the roots and early stunting 
of the seedlings. In the field, however, although root necrosis was evident 
in the fall, stunting of the plants did not appear until the late spring, when 
the growth of wheat is very rapid. It is believed that in the field the impaired 
root system does not prevent growth of the wheat until the best growing 
temperature has arrived. In the greenhouse, on the other hand, growth is 
more or less forced and hence the reduced root system presumably is unable 
to meet the water and mineral demands of the rapidly growing plant and 
stunting results very early in its ontogeny. 

The lower incidence of fungus associated with roots in soil treated with 
ethylene dibromide would suggest that this fumigant exerted: a fungicidal 
effect which would contradict findings to date regarding this nematicide. In 
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view of the many references to the lack of fungicidal properties of ethylene 
dibromide, it is felt that this fungus reduction could be due to a relationship 
between the controlled nematode population and the amount of fungus within 
the roots. There was always a very close association between the number of 
parasitic nematodes and the amount of fungus. Thus it was not possible 
(except under certain experimental conditions) to reduce nematode populations 
without reducing the amount of fungus. However the amount of fungus could 
be reduced experimentally without affecting the nematode population. 


Both greenhouse and field experiments showed that a reduction of either 
pathogen resulted in an increase in the growth of the wheat. It was noted 
that the increase in growth was approximately the same regardless of which 
pathogen was greatly reduced. On the other hand, when both pathogenic 
organisms were controlled by the use of methyl bromide, there was almost 
twice as much growth of the wheat as there was when either of the organisms 
alone was controlled. Thus it appears that the effects of both pathogens 
are necessary to produce the full expression of the disease. 


It has been difficult to determine the pathogenicity of the two organisms. 
The pathogenicity of R. solani is different on wheat than it is on clovers (1) 
for two reasons: (a) it does not cause damping-off of the wheat seedlings; 
(6) when wheat was grown in soil inoculated with R. solani in preliminary 
experiments, the symptoms were quite erratic. The correlation between 
populations of parasitic nematodes and the amount of stunting was not nearly 
sO apparent with wheat as it was in the case of tobacco (17) and thus it is 
believed that P. minyus is much less pathogenic to wheat. Consequently the 
authors feel that the fungus probably is more important than the nematodes 
in producing the stunting and other disease symptoms. However, in evaluat- 
ing the role of the nematodes there are two important observations which 
must be considered: (a) the two organisms are always present in naturally 
occurring infections; (b) as mentioned above, the incidence of fungus appears 
to be correlated with the nematode population. Thus it is possible that the 
nematode aids in some way the colonization of the root tissues by the fungus, 
although this could not be proved. 
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SOME ASPECTS OF THE ELONGATION OF FUSIFORM CAMBIAL 
CELLS IN THUJA OCCIDENTALIS L.' 


By M. W. BANNAN? 


Abstract 


An outstanding feature of the elongation of fusiform initials is the high degree 
of variability that exists from cell to cell. This individual inconstancy is to 
some extent related to recurrent alterations in the local environment. Thus loss 
of a neighboring cell often results in accelerated elongation. Although frequently 
masked by the deviations in individual cells, certain general trends of growth 
become apparent on analysis of the data from numerous cells. In the growth 
cycle between successive multiplicative divisions the progress of elongation is 
not uniform but rather follows a familiar growth pattern, early rapid extension 
giving way to a gradually decreasing rate of elongation as lengthening proceeds. 
Growth at opposite ends of the same cell is usually dissimilar, basipetal extension 
tending to predominate. This bipolar difference is evident in the stems of small 
trees, in the periphery of the stems of mature trees, in the distal parts of branches, 
and to a lesser degree, in the proximal parts of recurved branches. The reduced 
bipolar difference in the inverted proximal portions of recurved branches indicates 
that gravity is not the major factor in the establishment of polarity, but does 
perhaps play a minor role. Cell elongation is apparently achieved by tip growth. 


Introduction 


In Thuja, as in conifers generally, fusiform initials in the cambium increase 
in number by pseudotransverse division. In the interval between successive 
multiplicative divisions the cells elongate by various amounts, some equalling 
or exceeding the length of the former mother cells. During earlier studies of 
the cambium, the results of which have been previously reported (14-19, 107), 
there were indications that despite a high degree of variability from cell to 
cell, some general trends existed in the growth cycle of the cells and in the 
amount of elongation at either tip. The investigations were continued and in 
the present paper data are presented on the frequency of multiplicative 
division, the trend of elongation between divisions, and the bipolar differences 
in amount of elongation. 


Methods 


Owing to the fact that both secondary xylem and phloem replicate the 
basic cell pattern in the cambium, either of these tissue systems may be used 
for determining the history of changes in that meristem. On the whole the 
phloem is to be preferred because the production of phloem elements is more 
direct than is the case with the xylem, and there are less extensive changes in 
size of the derived elements during the interval between origin in the initiating 
layer and eventual maturation. However, if the alterations in the cambium 
are to be related to time it becomes necessary to use the xylem as the source 
of information since, in Thuja, the boundaries of annual increments are often 
ill-defined or unrecognizable in tangential sections of the phloem. Because of 
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this circumstance the data on changes in cell size in the cambium, such as are 
presented in this article, were obtained from the xylem. The procedure was 
to cut serial tangential sections from the xylem and to measure the length of 
tracheids at appropriate stages in the development of selected lineal series. 
Since all measurements were made from the xylem, errors associated with 
intra- and extra-cambial elongation of xylem elements during periclinal 
division of xylem mother cells and subsequent maturation were kept to a 
narrow range. Moreover, the cell length was determined, whenever possible, 
at the termination of annual growth when the differences between tracheid 
and cambial cell length are minimal. 


The Variable Behavior of Fusiform Initials 


Perhaps the most striking feature of the elongation of fusiform initials is 
the extreme variability that exists in rate and amount of growth from cell to 
cell. In some sectors of the cambium there is a notable absence of unity in the 
growth patterns of neighboring cells. For instance, one cell may elongate 
by as much as a millimeter at one end and very little at the opposite tip, 
while an adjoining cell is extending in the opposite direction. Other cells are 
perhaps elongating by equal amounts at both ends, while some are stalled, 
showing little or no accretion at either tip. By way of contrast, in another 
nearby sector, comprising a few cells, the situation may be quite different. 
Here the elongation is possibly predominantly upward, and in yet other areas 
it may be definitely downward. In such instances there is some co-ordination 
of growth in the sense that a few initials, lying together, are behaving more or 
less alike. Evidently certain local conditions obtain which induce a similar 
growth pattern in neighboring cells. This, of course, does not imply that the 
walls of adjoining cells in such cases are elongating in unison by a sort of 
symplastic growth. Owing to the prevailing cell overlap the growing tip of 
one cell generally adjoins the stationary middle part of its neighbor, so that 
there is no question of unified wall growth. It is noteworthy that on the 
rare occasions when neighboring cells terminate at the same level, the 
contiguous tips usually grow at different rates. 


The presentation of data on the elongation of fusiform initials requires 
summation and reduction to mean values. It must be emphasized, however, 
that the value obtained by averaging the data from numerous observations 
is a mathematical expression which has no real existence. Very few fusiform 
initials even so much as approximate the mean. Among 800 cells which served 
as the source of data on the bipolar differences in elongation during the year 
after cell origin in pseudotransverse division, fewer than 8% followed a pattern 
of cell elongation, in terms of direction and amount, which fell within a range 
of + 25% of the mean. 

It has been pointed out in other communications (14-16, 107) that the 
cambium is in a continuous state of change. New fusiform initials arise in 
pseudotransverse division and others are lost by subdivision and maturation 
to malformed vascular elements or become reduced to ray initials. A study 
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of 1600 case histories revealed that in less than one-half, namely 44%, both 
sister fusiform initials survived the year following anticlinal division. In 48% 
one sister failed within a year, and in 8% both sisters were lost. It is 
important to note that these data relate only to potential multiplicative 
divisions in the cambium, that is to pseudotransverse divisions in apparently 
normal fusiform initials. The subdivision of obviously failing or senescent 
initials was excluded. Important factors in the survival of fusiform initials 
are cell size and extent of ray contact. After a pseudotransverse division the 
ray contacts of the sister initials are often unequal, and in such cases the sister 
with sparse ray contacts is likely to fail (15). A study of 1900 cases showed 
that the surviving initials were in contact with 53% more ray cells than the 
initials that failed. 

Other features unrelated to the local environment of cambial cells are 
apparently operating to produce diversity in cell behavior. For instance, in 
some trees pseudotransverse divisions follow in rapid succession, with 
accompanying extensive loss of initials, whereas in other trees of similar size 
and growth rate the cambium is much more stable. Similarly there may be 
extensive multiplication in one family of fusiform initials and very little in 
neighboring series. 

The state of flux in the cambium makes for irregularities in elongation. 
Thus, when one of the sister fusiform initials formed in pseudotransverse 
division fails the surviving sister usually elongates rapidly into the ‘‘vacated”’ 
space. There is in consequence marked deviation from the normal trend of 
growth. The rate of elongation is greatly modified by the ratio of survival. 

Some general controls over the growth of fusiform initials are revealed in the 
synchronization of the various phases of activity, the over-all predominance 
of basipetal elongation, the temporal coincidence of pseudotransverse divisions, 
and the similarity in orientation of the anticlinal walls laid down in the 
pseudotransverse division of neighboring cells. These controls evidently 
emanate from sources outside the cambial cells themselves. The pattern of 
growth in each fusiform initial, however, is profoundly modified by the 
immediate environment. This modification is often so extensive as to alter 
drastically or mask what might be termed the normal trend of growth. 
Individually the fusiform initials behave like competitive units. The largest 
and most advantageously placed thrive, others in less satisfactory positions 
fail. The consequence is lack of co-ordinated elongation among neighboring 
fusiform initials. This fact must be appreciated when speculating on the 
mechanism of cell elongation. 


The Growth Cycle of Fusiform Initials 


Although, as noted above, there is much variability among individual cells 
in the rate and amount of elongation, the accumulated data from preliminary 
investigations indicated the existence of a general cyclic pattern of growth. 
Hence it was decided to study further this aspect of the elongation of fusiform 
initials. 
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For the acquirement of data on the frequency of multiplicative divisions 
and the trend of elongation between these divisions, selections were made of 
mature trees with uniform growth rings ranging in different specimens from 
1-2.5 mm. in width, with an over-all mean ring width of approximately 
1.5mm. Stem size was restricted to a diameter range of 6-12 in. at a height of 
three feet. Transverse and serial tangential sections were cut through several 
of the peripheral xylem increments. Tracheids exhibiting the first formation 
of the anticlinal wall laid down in pseudotransverse division were spotted in 
tangential sections passing through the late wood portions of annual rings in 
the initial sections of each series, and studies were made of the radial files of 
elements formed subsequent to these pseudotransverse divisions. From these 
sequences data were gathered on cell size at the time of pseudotransverse 
division, the frequency of successive pseudotransverse divisions, and the 
yearly alterations in cell length. The measurements of cell size were made 
in each case from the last formed wood in consecutive annual rings, the distance 
to opposite cell tips being taken from large rays which served as fixed base 
points. Conclusions were based on the premise that the middle parts of 
fusiform cambial cells and their derivatives remain stationary. Priestley’s 
(73) suggestion of vertical displacement in hardwoods was, for various reasons, 
considered inapplicable. 


A survey conducted as described above revealed a mean interval of one to 
eight years between successive pseudotransverse divisions in different trees. 
The grand average for all trees studied was 3.7 years. Since the anticlinal 
divisions are usually synchronized with the seasonal decline and cessation of 
growth (14), the mean value of 3.7 years must be interpreted as indicating 
that the most favored span between successive multiplicative divisions in the 
recent growth of these trees was four years. 


Some 2300 measurements of the derived xylem elements revealed that cell 
length immediately before pseudotransverse division ranged from 1.57 to 
4.58 mm., with an average of 2.85 mm. The extent of overlap between the 
sister cells first formed after pseudotransverse division varied from scarcely 
any to as much as 1570 w, the mean being 490 uw. These data therefore 
indicate that mean length of the derived tracheids produced subsequent to 
pseudotransverse division was 1670 uw. On correction for elongation of the 
xylem elements during differentiation a value of 1550 uw is arrived at as the 
mean length of fusiform initials at the time of their origin in pseudotransverse 
division. It should be emphasized that these data relate only to the periphery 
of trees 6-12 in. in diameter. 


The data on annual changes in length of the cells in selected lineal series 
revealed a definite growth trend. Mean elongation of the newly formed 
fusiform initials was approximately 550 w during the first year after their 
origin in pseudotransverse division, 290 uw in the second year, and 200 yw in 
the final year. The growth curve is illustrated in Fig. 1. In this figure the 
abscissa connotes a spatial rather than temporal relationship, and the minor 
rhythms in the curve show that in the growth of each year cell elongation was 
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ANNUAL INCREMENTS OF XYLEM 


Fic. 1. Graph depicting the cycle of multiplicative division and elongation of fusiform 
initials in the recent growth of the stem of a mature tree. The span between successive 
pseudotransverse divisions is shown as four years. 


greatest during the development of the last formed portion of the annual 
increment (15). It is apparent that in their elongation fusiform initials 
follow a pattern common to growth processes generally, an early rapid 
extension being succeeded by a gradual falling off in the rate of gain. The 
tapering off in the final year is not so great as might be expected or as recorded 
in certain other types of cell growth (74, 92). This is doubtless due to the 
unusual conditions under which cambial cells are growing. The continuous 
loss of cells from the cambium (16) results in the stimulation of elongation 
of favorably placed neighboring fusiform initials. Owing to this sporadic 
accelerated growth, the elongation takes place at a faster rate and 
follows a somewhat different course than would be the case in a more stable 
environment. 

The literature on the relationship between cell growth and mitosis is 
extensive, and there is no agreement on the identity of the factors involved or 
their mode of operation. Reviews of some of the literature on the subject 
are provided by Sinnott (82) and Swann (92). Mitosis in a growing cell has 
been regarded as a mechanism for restoring an optimum relationship between 
cell surface and volume. Other workers believed that the altering nuclear- 
cytoplasmic ratio is a stimulus to division. It has also been suggested that 
the surface-volume relationship of the nucleus is a determining factor. 

The most obvious features of difference after the multiplicative division 
of a fusiform initial are increased surface area and the presence of two nuclei 
instead of one. It is difficult to see how the augmented surface area alone 
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would induce resurgence of growth. The increase in wall area is in the region 
of overlap between the two newly formed sister initials (Fig. 3), and hence 
there is no improvement in the contacts with other cells or tissues. The ray 
contacts particularly play an important role in the behavior of fusiform 
initials (15), but there is no immediate betterment of these on pseudotransverse 
division. The improved nuclear—cytoplasmic ratio and/or the increase in 
total protoplasm would seem more likely factors in the accelerated cell elonga- 
tion subsequent to pseudotransverse division. These factors are probably 
highly important in the functioning of fusiform initials since the latter, as 
meristematic cells, are involved in the continuous synthesis of protoplasm and 
wall materials. The load on the synthetic mechanisms obviously increases 
as the cells elongate between successive periclinal divisions. The role of the 
nucleus in cell metabolism is in doubt, but some authors (28, 29, 34, 89, 90) 
have concluded that the nucleus is directly or indirectly involved in protein 
synthesis and hence the production of protoplasm. 


Polarity in the Elongation of Fusiform Initials 


The rate and amount of elongation of fusiform initials are apparently 
governed by many factors. Some of these are intrinsic in the cells themselves, 
whereas others originate in the immediate environment. Influences of more 
remote origin also seem to be involved. For instance, it soon became apparent 
from the measurements of elongation that basipetal extension tended to 
exceed that in the acropetal direction. 

The first data to be considered will be those obtained from study of cell 
sequences in the peripheral xylem of boles 6-12 in. in diameter with a mean 
ring width of 1.5mm. A summation of the data from nearly 800 cell sequences, 
utilizing only those series in which both sister fusiform initials persisted after 
pseudotransverse division, gave the following results. Mean elongation at 
the upper and lower ends of the uppermost sister initial was 220 uw and 284 yu 
respectively during the first year after origin in pseudotransverse division, 
and for the lower sister the comparable figures were 206 uw and 284 uw. These 
are adjusted data after correction for elongation of the derived elements during 
periclinal division and maturation. They reveal a predominance of basipetal 
elongation to the extent of approximately 33%. In the final year of elonga- 
tion, before the next anticlinal division, the difference widened to 55%, 
although the absolute amount of elongation was much less. The mean 
difference over the entire cycle of elongation between successive multiplicative 
divisions was 39%. 

Extended studies revealed a dominance of basipetal elongation of fusiform 
initials in other aerial parts of the tree. Measurements of cells in 550 lineal 
series of elements in the stem tips of eight small trees 8-11 ft. tall showed an 
excess of basipetal elongation to the extent of 32%. This figure applies to 
the whole cycle of cell growth between successive pseudotransverse divisions. 
Study of 540 series in the upright distal parts of eight recurved branches 
arising from the lower part of the stem of mature trees disclosed a difference 
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of 38% in favor of basipetal elongation. In the peripheral growth of the 
proximal portions of 12 recurved branches (including the eight mentioned 
above), basipetal elongation was still dominant notwithstanding the change in 
orientation (Fig. 2). A difference of 21% was noted in 1200 cell sequences. 
The fact that cell elongation in the proximal portion of the branches continued 
to be greatest in the direction away from the branch tip, despite inversion of 
growth, indicates that gravity is not the major factor in the normal dominance 
of basipetal elongation. The lesser degree of difference in the inverted growth 
may be interpreted as evidence that gravity has, at the most, not more than 
a minor influence on the elongation of cambial cells. It would seem that the 
polar behavior of fusiform initials, as manifested in the dominance of basipetal 


elongation, is a growth phenomenon tied up in a complex of intercellular 
correlations. 


Fic 2. Drawings showing the major direction of elongation of fusiform initials in 
various aerial parts of the tree. 
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Site and Mode of Elongation of Cambial Cells 


Various theories have been proposed on the mode of elongation of cambial 
cells and their derivatives. Krabbe (57) believed that cells elongated 
independently, the walls of adjoining cells slipping by one another by ‘‘gliding”’ 
or “‘sliding’’ growth. This theory was accepted by other workers (2, 6, 9, 20, 
47, 53, 55, 56, 65, 69) with the adaptation that elongation and intercellular 
slip were restricted to the terminal parts of cells. Priestley (73), on the other 
hand, maintained that the contiguous walls of enlarging cells expanded in 
unison and hence without slip, a mode of growth which he termed ‘‘symplastic’’. 
This type of growth was held by Meeuse (64) to be general. Meanwhile, 
Sinnott and Bloch (83) suggested that the growth in length of elongate cells 
took place at the cell tips which forced their way between neighboring cells 
by “intrusive growth’. Schoch-Bodmer (76) concurred with this idea, but 
preferred the term ‘‘interposition growth”’. 

Although it seems clear that fusiform initials elongate by apical growth (19), 
the precise length of tip taking part is difficult to determine. Studies of the 
arrangement of pits and sieve areas in radial sections do not yield conclusive 
evidence on this point. In the xylem considerable irregularity in pit arrange- 
ment at the tips of tracheids contrasts with a large measure of continuity in 
radial alignment across the central parts of successive cells. In the phloem 
there is a general radial continuity in ‘‘pit’’ arrangement, but minor irregu- 
larities occur from end to end of the cells, even in sieve cells and parenchyma 
elements which do not elongate during maturation. Some of the inconstancy 
is due to the fact that, as Bailey (11) noted, new pit fields arise from time to 
time in the cambium and others are obliterated. In cases of rapid or extensive 
elongation in the cambium new series of pit fields come into being along the 
tips, indicating extension of the latter. However, the minor fluctuations in 
‘“‘pit” position in phloem elements are often such as to prohibit deduction on 
the exact site of accretion to the tips of the initiating cambial cells, and in the 
xylem, elongation of the derived elements during differentiation and early 
maturation beclouds the history of events in the fusiform initial proper. 

On the whole, tangential sections are more informatory on cell elongation 
than radial sections. The greatest elongation of fusiform initials usually 
takes place during the summer when radial growth is slackening, and serial 
tangential sections cut through the cambium at this time of year reveal 
interesting cell sequences. Some examples are provided in Figs. 5-7. Here 
are shown the changes in cell shape from the last phloem element, represented 
by a solid line, to the adjoining fusiform initial, shown by a dotted line. 


Fics. 3-19. Fic. 3. Tangential aspect of fusiform initial which has recently undergone 
successive pseudotransverse divisions, showing orientation of the anticlinal walls. Fic. 4. 
Tangential view of phloem parenchyma showing simple transverse septa. Fics. 5-10. 
Tangential sections of the cambium illustrating shape of elongating cell tips in region of 
overlap between sister cambial cells. Fics. 11 and 12. Radial sections through 
cambial region depicting aspect of tips of xylem mother cells (to the left) and maturing 
tracheids (to the right), Fics. 13-19. Tangential sections showing varied configurations 
of the anticlinal wall laid down in the pseudotransverse division of fusiform initials. 
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Sometimes, as in Figs. 5 and 6, only a small part of the cell tip was involved in 
the initiation of the particular phase of elongation indicated. At other times, 
as in Fig. 7, a larger portion of the tip took part. An interesting feature of the 
fusiform initials is the thinness of the wall throughout the entire length of 
recent extension, which sometimes exceeds 100 uw. This thinness stands in 
contrast to the thicker walls elsewhere in the cells and about non-elongating 
tips (Fig. 10). The very thin walls along the flanks of extending tips are poten- 
tially extensible. So long as the walls remain thin on all sides of the tip the 
possibility of elongation exists. However, it should not be assumed that the 
walls are necessarily extending simply because they are thin. The replicas 
of the anticlinal wall laid down in pseudotransverse division often remain thin 
in derived phloem elements, and these walls are not elongating. 

Within the cambium, the term here being used as connotation for the entire 
meristem producing xylem and phloem (18), the xylem mother cells are usually 
longer than the initial cells. This extra growth is also terminal. As depicted 
in Figs. 8-9, where the initial cell is represented by solid outline and the 
slightly longer xylem mother cell by dotted line, the tip is usually attenuate. 


On the xylem side of the cambium cell elongation continues beyond the 
zone of periclinal division. This extra-cambial elongation varies from cell to 
cell and results in much irregularity in the length of successive tracheids 
(Figs. 11, 12). Occasionally the tips of the differentiating and enlarging 
tracheids become forked or cleft. This is indicative of local apical growth, as 
Schoch-Bodmer and Huber (79) have shown in secondary fibers. Puckers 
may also develop along the flanks of the tip (Fig. 11). These are doubtless due 
to inequalities in growth rate or the establishment of small local centers of 
incipient or accelerated wall growth along the flanks of the cell tip. At times 
the elongation continues after the outlines of bordered pits have become 
discernible in the walls remote from the tip. In such cases the tips intrude 
between the nascent pits of the neighboring cells (Fig. 12), and in so doing 
evidently follow the path of least resistance. The cumulative elongation from 
fusiform initial to maturing tracheid is usually maximal during the early 
stages cf declining cambial activity, that is, during the period from the middle 
of June to the end of July. Measurements based on several hundred radial 
files of elements revealed the mean maximum elongation at this time to be 
slightly in excess of 7%. Bailey (7) gave an estimate of 5-10% for the 
elongation of tracheids. Elongation tapers off during the final growth in late 
summer, and is also at a low value during early vernal activity. 


Owing to its localized nature, the tip growth of fusiform cambial cells and 
their derivatives falls within the categories of intrusive (83) or interpositional 
(76, 77, 79). However, since area growth of the wall involves expansion of a 
structure already in existence, it is obvious that some slip must occur between 
the expanding wall of the elongating tip and the non-elongating wall of the 
body of a neighboring cell. Sometimes the wall about elongating tips is very 
thin for distances of 100 uw or more from the extreme tip. The possibility of 
a decreasing gradient of elongation distal from the apex in such cases should 
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not be overlooked. If extension of the tip flanks occurs to an appreciable 
extent the distinction between intrusive and interpositional growth on the one 
hand, and gliding growth on the other, tends to vanish. As Eames and 
MacDaniels (39) pointed out, the difference becomes one of degree rather 
than kind. 

The anticlinal wall laid down in the pseudotransverse division of fusiform 
initials has some interesting features. It is highly diverse in length and form. 
The length ranges in different cells from short and almost strictly transverse 
(Fig. 13) to more than 1.5 mm. in length. The form varies with the length. 
When short the configuration is generally more or less s-shaped or sigmoid 
(Figs. 3, 14-17), and when long is often undulate (Figs. 6, 8, 9, 23). The 
significance of s-shaped partitions in elongate plant cells has been commented 
upon by Thompson (96). He pointed out that this shape is to be expected 
according to physical laws, when an asymmetric longitudinal polarity exists 
in the cell. The wall configuration in the subdivision of fusiform initials 
(Fig. 3) stands in marked contrast to that in phloem parenchyma elements 
where the partitions are simply transverse (Fig. 4). This difference is all the 
more noteworthy in view of the fact that the two types of cell have similar 
length and breadth, and are usually separated from each other by only a 
single cell at the time of subdivision. In cambial sectors of undetermined 
area the sigmoid anticlinal walls in subdividing fusiform initials are usually 
oriented in the same direction (17). This doubtless indicates the influence of 
factors emanating from sources outside the meristem. The partition laid 
down in pseudotransverse division rarely intersects the side walls at right 
angles as anticipated by Errera’s law (40). Rather, as described by Bailey 
(6, 8), the angle of meeting is usually acute (Figs. 5-9, 16-19, 24). The 
deviation from expected form is perhaps related to the inherent tendency of 
the cells to elongate. The impetus for extension is renewed with each 
pseudotransverse division. 


A feature common to various types of elongating cells is an accumulation 
of cytoplasm in the cell tips (1, 57, 58, 77, 78, 80). The failure of the apical 
cytoplasm to plasmolyze, which has been demonstrated in some instances, has 
been interpreted as indicating an intimate association with the enclosing wall 
or membrane. In Thuja the cytoplasm in the tips of fusiform initials and the 
outermost xylem mother cells is dense and contact with the enclosing wall is 
maintained after dehydration. In the xylem mother cells further distant 
from the initiating layer, as in the differentiating and enlarging tracheids, the 
cytoplasm in the cell tips is less dense and retraction occurs on removal of 
water. A wall which varies in thickness according to whether the cell is 
elongating or not encloses the cell tip at all times. No evidence was found for 
extrusion of the cytoplasm beyond the cell tip as proposed by Frey-Wyssling 
(43) or Miihlethaler (66) for elongating cells. It is probable that the tip wall 
is permeated to some extent by the cytoplasm, but it would seem that the 
failure of the dense apical cytoplasm in fusiform initials to retract on dehydra- 
tion is due largely to inherent properties of the cytoplasm. 
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According to Bailey (10) the cytoplasm in fusiform initials moves in a 
rotary fashion during the growing season, streaming up one side of the cell and 
down the other. The existence of such movement, however, does not mean 
that there is uniformity in cytoplasmic structure, physical properties, or 
content throughout the cell. Some workers (38, 41, 75) have described for 
plant and animal cells a lateral differentiation of the cytoplasm into a semifluid 
streaming ‘‘endoplasm’’ and a narrow outer layer of gelled ‘‘ectoplasm’’. 
Macallum (62) noted in germinating spores an intracellular asymmetry in the 
distribution of potassium ions, these tending to concentrate at the site of cell 
elongation. It is also suspected that enzymes involved in cell wall metabolism 
are located in the cytoplasmic surface (44). It is possible that the mechanism 
of elongation of fusiform initials involves accumulation at the cell tips of 
substances taking part in or influencing growth. It may also be that differ- 
ences in concentration of these substances at opposite ends provide the 
biochemical basis for the over-all dominance of basipetal elongation. 

A noteworthy feature of growth in length of some types of cell is the fact 
that, at least during the early phases, lengthening may occur without corre- 
sponding increase in volume. Schoch-Bodmer and Huber (79) have referred 
to this aspect of fiber elongation. A similar relationship is frequently observed 
in fusiform initials of Thuja. Fig. 20 illustrates an example. During the span 
of one year (Fig. 206 as compared with Fig. 20a) the proximal tips of two sister 
initials elongated to extend the overthrust by 425 yw without significant altera- 
tion in volume. Exceptions to this tardy volume increase occur in the spurts 
of elongation associated with loss of neighboring initials. Whether such 
growth by increase of surface rather than volume is to be interpreted as 
indicating that the primary factor in cell enlargement is area growth of the 
cytoplasm and wall (by intussusception), or whether the attenuate shape of 
elongating tips is simply the consequence of intrusion between other turgid 
cells is not clear. It is manifest, however, that pressures of considerable 
magnitude exist in growing tips. This is shown in Fig. 24b, where as compared 
to the earlier stage in Fig. 24a, the two lower ray cells are much flattened by 
the growth of the neighboring fusiform initial. 


An interesting feature of the elongation of fusiform initials, which emphasizes 
their intrusive mode of growth, is the fact that the tips frequently grow past 
on the outer side of adjoining cells or rays. Figs. 21-23 illustrate this 
phenomenon. Note how in Fig. 216, which shows the cell outlines one year 
after the pseudotransverse division illustrated in Fig. 21a, the proximal tips 
of the newly formed sister initials have elongated on the outer side of the 
neighboring rays. Again in Fig. 226 the tip C has intruded between the 
elongating proximal endings A and B of sister initials. Fig. 23 shows a slight 
lateral extension of the cell tip between ray cells. 


The Terminal Shortening of Fusiform Initials 


During the final phase in the growth cycle of fusiform initials, when 
elongation is slowing down (Fig. 1), recession occasionally takes place at one 
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Fics. 20-24. Fics. 20-22. Diagrams from tangential sections showing extent of 
elongation, during the span of one year, in the region of overlap between sister fusiform 
initials. Fic. 23. Lateral intrusion between ray cells of the elongating tip of a fusiform 
initial. Fic. 24. Stages in compression of ray cells by elongating tip of fusiform initial. 


of the cell tips. Withdrawals in excess of 50 u were observed in approximately 
10% of the cell sequences in stems with annual xylem increments averaging 
1.5mm. In the 168 recorded cases where the shortening exceeded 50 py, the 
mean loss during the span of one year was 65 wu. With decline in the annual 
xylem production such retraction sometimes becomes more common and more 
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pronounced.* The situation at the cell tip distad to the shortening end is 
varied. Rarely minor shortening takes place. Sometimes there is no 
alteration, or only slight lengthening. In the majority of the histories studied 
growth continued, but in only a few instances did the amount of elongation 
equal the maximum in other cells. On the whole the extension at the growing 
end was about 20% under the mean for all cells in the same stage of the growth 
cycle. Owing to the shortening at one end the net gain in cell length was 
usually small, amounting on the average to only one-sixth that of all cells. 
In branches retraction was noted in only 2% of the cell sequences investigated. 
Here again there was generally elongation at the opposite tip but to a slightly 
lesser extent than in cells which were lengthening in both directions. 


The question arises as to whether there is actual shortening at one cell tip 
in such cases or whether the whole cell shifts in relation to the rays. Priestley 
(73) argued that the basipetal progression of cambial activity, such as noted 
by many investigators, had the result of producing, in hardwoods particularly, 
a downward displacement of young differentiating fibers. He did not, 
however, extend this hypothesis to conifers. As mentioned earlier, there are 
reasons for believing that it does not apply. No information is presently to 
hand on the time scale of the downward wave of cambial reactivation in 
Thuja occidentalis, nor are data available on the thickness of the new increment 
at different levels, but if the sequence of growth is like that in other conifers, 
the downward projecting mass of new xylem is so gradually tapered as to be 
scarcely recognizable as a wedge. The new increment would decrease basi- 
petally at the rate of one cell or less in the radial direction for 100 fusiform 
elements in vertical seriation. It is to be expected that any downward growth 
thrust generated on the cambium by the processes of cell enlargement and 
maturation above would be dissipated among the many cells involved. The 
very shape of the cells adapts them to longitudinal adjustments. The 
attenuate form of the tips and the broad overlap between vertically adjoining 
cells facilitate intrusive growth in the longitudinal direction without cell 
displacement. It is also significant that trabeculae are described in the 
literature (see reviews by Grossenbacher (47) and Priestley (73) ) as extending 
in a strictly horizontal direction through the secondary tissues. Such 
continuity in radial alignment denotes a stationary position of the cells 
involved. 


The arrangement of pits or pit areas on the radial walls of the secondary 
vascular elements also points to lack of vertical displacement. The author 
has not been able to find instances of continued shift in bordered pits or 
crassulae in conifer tracheids such as claimed by Priestley in his argument for 
symplastic growth. Although the sieve areas in the phloem vary somewhat 
from cell to cell, these also usually occur in recognizable horizontal continuity 

3 In a very slow growing stem, where the outermost 37 annual rings aggregated only 1.55 cm., 
and the frequency of anticlinal divisions and rate of cell elongation in the cambium were unusually 
low, retraction occurred in a high proportion of the cell histories investigated. In one instance 


there was shortening of 625 pu at one cell tip and only minor elongation at the other so as to produce 
a net loss of 200 w in cell length during the span of 37 years. 
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across the sieve cells. In cases of shortening the sieve areas are generally in 
an approximate radial alignment across the middle parts of the cells while in 
the tip region extinction of radial series of sieve areas takes place one after the 
other as retraction proceeds. An illustration is provided in Fig. 25 which 
depicts the radial aspect of a file of phloem elements with shortening tips 
during the span of approximately one and one-half years. It will be noted 
that the series of sieve areas labelled A, B, D, and E extend in an approximate 
horizontal plane across successive sieve cells, while the terminal series G and 
H are eliminated with tip shortening. Minor modifications may take place, 
such as the doubling of series A and B in the more recently formed elements 
and the dying of series C, but nevertheless there is usually a basic horizontal 
alignment of the sieve areas or primordial pit fields. This may be interpreted 
as denoting lack of vertical displacement. 

It is also noteworthy that the change in position of cambial cells is not 
always downwards as would be expected if a basipetal growth thrust were 
operative. The ‘shift’ was upwards in approximately one-third of the 
observed cases of recession in branches and in one-fifth in old stems. While 
it is true that the growth of adjoining cells in some small sectors of the cambium 
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+ Growth of one year 


To cambium 


Fic. 25. Radial section of ph! » showing gradual recession in a series of phloem 
elements during the growth of approximately one and one-half years. Phloem and ray 
parenchyma cells are left blank in the drawing. 
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is predominantly in one direction, this is upwards in some cases and down- 
wards in others. Moreover instances of contiguous cells with their major 
extension in opposite directions are common. 

The interpretation of change in position of cambial cells as being due to cell 
shortening at one end and elongation at the other, rather than to vertical 
displacement, implies dissimilar growth behavior at opposite cell tips. Highly 
significant in this connection is the fact that most fusiform initials actually 
do extend unequally at opposite ends. An analysis of the data, derived from 
old stems, on the elongation of fusiform initials during the year after origin in 
pseudotransverse division, reveals that in 72% of the cells elongation at one 
tip exceeded that at the other by more than 100 uw. In 39% of the cells the 
major growth was upward and in 61% downward. Even if an allowance of 
+ 50 uw be made for errors associated with the method of measurement or 
possible cell displacement, a majority of the cells would still fall into the 
category of growing unequally at opposite tips. It is clear that in some 
instances the differences in growth at opposite ends are related to events in 
the local environment. Such is the case with the spurts in elongation that 
accompany loss of vertically adjoining cells. At other times such intercellular 
growth relationships are not evident, and one is led to suspect that internal 
factors are involved. The possibility of dissimilar concentrations in opposite 
cell tips of the varied substances concerned in growth was suggested earlier 
in this paper. It may be that at times the concentration of certain of these 
substances falls to such a low level that cell elongation is no longer facilitated. 
The occurrence of reversals in behavior, from elongation to recession and vice 
versa, is perhaps significant in this connection. 

The method of shortening appears to differ from that other type of reduction 
of fusiform initials, namely conversion to ray initials. In the latter trans- 
formation there is usually a subdivision of the fusiform initial followed by 
shortening of the individual segments, the reduction in length being accom- 
plished by longitudinal periclinal division of the now asymmetrically tapered 
units so that daughter cells of unequal length result (16). The number of 
successive asymmetric divisions is small, and the reduction in length is so 
rapid that the initials are cut down to a very small fraction of their original 
length in a relatively short period of time, usually only a part of a single 
growing season. By way of contrast the shortening under discussion is a 
gradual and sometimes long continued process. In the material studied the 
retraction of the tip of the fusiform initial was usually only 3—6 w in the interval 
between production of successive phloem mother cells. The duration of 
shortening sometimes continued for two or three decades in slow growing 
stems. Also noteworthy is the fact that the shortening was usually confined 
to one end, the other continuing to elongate although at a reduced rate. The 
circumstances indicate that this gradual recession is achieved by the remolding 
and slight shortening of the tip of the fusiform initial during the period of 
radial expansion between periclinal divisions. The production of wall 
substance lags, and some of the material which would otherwise have gone 
into longitudinal extension is instead used up in radial expansion of the wall. 
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Discussion 


The over-all dominance of basipetal elongation in fusiform initials is 
apparently another manifestation of polarity, a phenomenon which presents 
so many problems to the biologist. In his review on polarity in plants Bloch 
(23) concluded that the polar character of the individual units was determined 
by their position or place in the general pattern. This would seem to apply 
to the cambium. Reactivity of the cambium to intertissue relationships is 
evident in various features of its behavior. A striking example is found in 
the reorientation of cambial cells after the cutting of oblique or horizontal 
phloem bridges (51, 72, 97). Neeff (69, 70) also commented on the realign- 
ment of cambial cells, but he believed that the individual cell was the seat of 
polarity. Just as the cambium as a whole reacts to external factors, so also 
do its component cells respond to events in the intrameristem environment. 
The expression of polarity in individual cells is modified, sometimes to the 
point of reversal, by the immediate environment of each cell. For instance, 
failure of an initial above an elongating cambial cell may result in a dominance 
of acropetal extension. 

The general dominance of basipetal elongation poses a problem. Phytohor- 
mones are naturally suspected as being involved because of their important 
role in various phases of meristematic activity. It has been shown that auxins, 
in suitable concentration, stimulate periclinal divisions in the cambium (21, 
30, 31, 42, 46, 60, 85, 86). It is also generally believed that an initial supply 
of auxin, or auxin precursor, passing downward from the opening buds 
reactivates the cambium in the spring (5, 30, 37, 42, 52, 67, 85, 108), although 
there are indications that during the subsequent cambial activity auxin 
synthesis may occur in the cambium itself (48, 54, 68, 87, 88, 101). While it 
is known that auxins are involved in cell enlargement, the actual method of 
operation is undetermined. It was earlier believed that auxin acted to increase 
wall plasticity and hence facilitated cell extension by internal pressures. 
However, many recent authors (4, 13, 22, 24, 25, 26, 36, 45, 71, 93, 94, 104) 
interpret the multiple reactions as indicating that auxin is involved in some 
part of the metabolic or synthetic processes. It has been demonstrated (3, 50, 
59, 63, 81, 84, 95, 98, 102, 103, 108) that the flow of auxin in aerial parts of 
the plant, excluding the inflorescence, is usually strictly basipetal.‘ A parallel 
exists in the polar behavior of fusiform initials. These cells are characterized 
by an over-all dominance of basipetal elongation, which, as demonstrated in 
the proximal portions of recurved branches, is only slightly influenced by 
gravity. That the two phenomena are related, however, is not clear. The 
basipetal movement of auxin in plants is usually a vernal phenomenon, 
associated with the early surge of growth. The elongation of fusiform 
initials, on the other hand, continues through the summer when auxins are 
in low concentration in the cambium (5, 87) or are difficult to demonstrate (61). 


4 Jacobs (Am. Naturalist, 88 : 327-337. 1954) has noted an acropetal movement of auxin 
under certain circumstances. 
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/* A gravitational influence on auxin distribution has been demonstrated in 
certain cases. Went and Thimann (105) noted an accumulation of auxin in 
the lower side of horizontal maize root tips, and van Overbeek et al. (99) 
observed a similar concentration in bean seedlings. Wershing and Bailey (106) 
suggested that “redwood” formation in conifers was perhaps due to auxin 
movement under the influence of gravity to the lower side of branches. The 
reduced bipolar difference in elongation of cambial cells in the inverted 
proximal portions of recurved branches indicates that gravity, at the most, 
plays only a minor role. The extent to which auxins are involved in the 
mechanism is, as indicated above, undetermined. 


Reference to the literature reveals much diversity of opinion on the 
mechanism of wall growth in cell enlargement. Reviews of the earlier work 
have been provided by Boysen Jensen (27), Heyn (49), and Strugger (91). 
The hypotheses fall into four general categories as regards the nature of the 
primary factor in cell growth. These are as follows: (1) active growth of the 
wall as the initial step; (2) elastic extension of the wall by internal hydrostatic 
pressure; (3) plastic extension by internal pressure; (4) cell expansion by 
activity of the protoplasm. Formerly, the idea of extension of the wall by 
physical forces was much favored, but in recent years there has been a trend 
to recognition of the importance of the cytoplasm in wall growth (12, 13, 32, 
33, 35, 43, 66, 72, 100). 

An oversimplification of the problem is evident in some of the earlier 
discussions, with a tendency to emphasize certain aspects to the exclusion of 
others. A feature of the behavior of fusiform initials which is particularly 
noteworthy is their sensitivity to the immediate envircnment. For instance, 
good ray contacts are beneficial. Supplies of osmotically active solutes and 
the development of adequate suction pressures seem vital to the survival and 
productivity of fusiform initials. The spurts in elongation which accompany 
loss of a neighboring initial above or below indicate that internal hydrostatic 
pressures are an important element in the growth of fusiform initials. At the 
same time, the resurgence of elongation after pseudotransverse division, which 
is apparently associated with revitalization of the synthetic mechanisms, 
points to the importance of the plasmatic factor in cell growth. Marked 
dissimilarities in behavior at opposite cell tips which cannot be related to 
visible changes in the immediate cell environment are suggestive of an intra- 
cellular segregation of certain of the substances involved in growth. Although 
much work has been done on the physiology and anatomy of cell enlargement, 
the vexed questions of extent of cytoplasmic extension into the wall and the 
role played by the cytoplasm in area growth of the wall remain unanswered. 
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ECOLOGICAL STUDY OF THE PEAT BOGS OF 
EASTERN NORTH AMERICA 


III. NOTES ON THE BEHAVIOR OF CHAMAEDAPHNE CALYCULATA! 
By LeEms? 


Abstract 


This paper presents data and observations concerning Chamaedaphne calyculata 
(L.) Moench. (Ericaceae). The branching pattern, the longevity of different 
types of leaves, and features of flowering are shown to be correlated. The 
relationship between this complex of features and the habitat is studied, and a 
few speculations are advanced to explain the physiological basis for the behavior 
of Chamaedaphne. This study is essentially autecological, and it is hoped that it 
may constitute a link between the study of soil conditions and the response of 
plant hormones on the one hand, and phytosociological work in peat bogs on 
the other hand. 


Introduction 


The purpose of this study is to determine some trends in the behavior of 
a plant under different environmental conditions, and the discussion of some 
relevant terms and concepts. Such seemingly unrelated features as branching 
habit, leaf size, flowering, and deciduousness are known to vary under the 
influence of the environment or parallel with the environment. As will be 
suggested in the present study these various features can be correlated in 
Chamaedaphne calyculata, and they may be conditioned by one or few key 
factors. 

Chamaedaphne is a particularly attractive plant for this study for two 
reasons. First of all, it forms large clones. The older stems usually become 
buried in Sphagnum and form adventitious roots. In this way one plant may 
spread itself considerably, especially in the earlier stages of succession, when 
individual clumps do not touch their neighbors. When one wishes to analyze 
statistically for leaf size, or some other feature, one is practically assured of 
genetic homogeneity by keeping the study within the boundaries of one 
dome-shaped group of stems. In fact, whole populations frequently appear 
so homogeneous that I am led to believe that very little genetic variability is 
operative, and that most of the variability observed and reported on here is 
purely of a phenotypic nature. However, certainty on this point is only 
possible if varying branches can be shown to belong to one clone or plant. 

A second feature which makes Chamaedaphne suitable for study of environ- 
mental variation its is synecological status. It grows in Sphagnum bogs, a 
vegetation type which is easily defined in southeastern Michigan, where the 
study was done, by the association of Chamaedaphne calyculata, Polytrichum 
strictum, Sphagnum magellanicum, and other plants. The word “association” 
as it is used here implies nothing but a simple occurring together in a small 


1 Manuscript received July 27, 1955. 
Contribution No. 1040 from the Department of Botany, University of Michigan, Ann 
Arbor, Mich., U.S.A. 
2 Now Instructor in Botany, Oberlin College, Oberlin, Ohio. 
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area where one set of environmental factors prevail. For an indeed exhaustive 
account of the sociological ‘‘community” of Chamaedaphne calyculata we can 
refer to Segadas-Vianna (5). In the larger glacial kettleholes and depressions 
of southeastern Michigan, Chamaedaphne is frequently dominant and attains 
its greatest vitality in this community. However, it also occurs in some 
other situations. First of all it persists in the later stages of succession, under 
dense cover of Picea mariana, or more commonly Larix laricina. Also, it is 
found to persist in those parts of bogs which are being ‘“‘swamped”’ by eutrophic 
water from surrounding slopes and fields. A more general term for this 
process is “‘paludification’’ (Dansereau and Segadas-Vianna (2) ). It should 
be pointed out, however, that while in Quebec the bog mat generally extends 
itself when the water level rises, this does not occur in the area which I studied. 
The mat is generally unable to follow the fluctuations of the water level, and 
a true marsh vegetation becomes established in a ring around the edges of 
small bogs. Eventually the whole bog shows signs of this ‘‘paludification”’ 
with the invasion of Typha latifolia, Bidens, Scirpus spp., and other plants of 
marsh habitats. 

I believe that at this time the climate of southern Michigan is unfavorable 
for the initiation of peat bogs. The ones which are found in this area must 
have had their start in cooler, moister postglacial times, and are now under- 
going ‘‘paludification’’. In this process, soi! erosion and land management 
practices speed up the degradation catastrophically. 


Leaves and Function 


A study of variability in the bog-inhabiting plants themselves gives us 
certain clues. From inspection of Fig. 1 it seems that the leaves from a clone 
of Chamaedaphne can be interpreted to belong to three size-classes: the small 
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Fic. 1. Leaf-size frequency diagram, for one bush of Chamaedaphne. Leaves were 
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leaves (about 6 mm. long), which appear to be the bracts subtending the 
flowers; the medium-sized leaves (about 12 to 19 mm.), which turn out to 
be the leaves that carry on most of the photosynthetic activity; and finally 
a small number of very large leaves (up to 32 mm. long in this bush), which 
occur on sterile shoots underneath the dense canopy of taller stems. These 
shoots come directly from the buried stems. At the time when these measure- 
ments were taken (May 1953) a fourth category of leaves had already 
disappeared: they are ephemeral scales at the basal part of young branches. 
In Fig. 2 some of these leaf types are shown. 

To the field botanist it is well known that Chamaedaphne retains some of 
its leaves throughout the year, so that it would seem to deserve the epithet 
“evergreen’”’. Segadas-Vianna (5) chooses to call it “‘semideciduous’’, probably 
for reasons to be mentioned below. One easy way to determine which leaves 
are retained, and for how long, is to establish the age of the branch to which 
the leaf under study is attached, either by counting annual rings or the number 
of groups of terminal bud scales from the tip. Using these methods, Pease (4) 
in the Northwestern States distinguished between the following types: (a) 
plants which retain their leaves until the next season’s leaves have matured, 
and (6) plants on which the leaves persist for many years. In both groups 
there is no one time of marked fall of the leaves. It turns out that 
Chamaedaphne belongs to the former group, because I found no leaves that 
were older than two leaf-generations. This probably is the reason for 
Segadas-Vianna’s terminology. 

Dansereau (1) defined semideciduous plants as “plants that lose some of 
their leaves during the dry or cold period, but never all of their leaves at any 
one time’’. As can be seen from Fig. 3, there is not any one time at which 
Chamaedaphne is leafless, but on the other hand there is no pronounced loss of 
leaves at any one time, and certainly not in the cold period. Drought would 
not be a factor of importance in bogs, while cold, if not too extreme, will 
result only in a reddening and bending upwards of the leaves (cf. Fig. 2). 
Gates (3) has pointed out the severe effect of excessively low temperatures and 
exposure. It seems better to me to follow Gates (3) in calling Chamaedaphne 
an evergreen, and I propose to set aside the term ‘‘semideciduous” for those 
plants in which most of the leaves are lost during one season (as may be true 
in the tropical savana mentioned by Dansereau (1) ), or in which the aerial 
parts of the plant die off, except for a basal rosette or a few basal leaves 
(Osmorhiza claytoni, Viola spp., and biennials in their first year). 


Branching and Flowering 


The age of the leaves can be determined quite easily because of the peculiar 
branching pattern of Chamaedaphne; after flowering, a branch does not grow 
on at the apex, but a lateral bud develops into a new shoot, from below the 
inflorescence. In longitudinal sections through old stems (Fig. 4) it will be 
seen that every year the terminal portion of the stem aborts, while one or 
more laterals take over, and have secondary growth. I noted this feature in 
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TABLE I 
Ratio 
Number of Total no. Total no. _ flowers to Chi? of the 
laterals flowers leaves leaves difference Significance 
0 453 249 1.82 
10.72 Highly significant 
1 112 103 1.09 
8.3 Highly significant 
2 81 131 0.62 
4.47 Significant 
3 41 108 0.38 
0.56 Not significant 
4 13 26 0.50 
3.64 Not significant 
5 5 30 0.17 


many other Ericaceae (Andromeda and Lyonia, and sometimes Rhododendron, 
are examples), as well as in plants like Rhus and Ailanthus. Fig. 3 summarizes 
the seasonal behavior as discussed so far. The procedure used in this study to 
determine the age of a particular section of stem was simply the counting of 
the number of aborted terminals towards the tip. (Fig. 3: the base of the 
plant on the right was formed during the summer three years earlier.) 

It will be apparent that the leaves along the stem of Chamaedaphne are 
smaller as they are located closer to the tip of the branch. But there are 
more differences between the tip and the lower portions of the stem: the 
leaves along the upper portion are deciduous bracts, whereas the ones further 
down the stem remain for more than one season; the buds in the axils of the 
upper leaves develop into flowers, whereas the lower ones may develop into 
lateral branches, never into flowers; also, the extreme part of the shoot is 
normally bent horizontally, and this horizontal part is just the place where 
flowers occur, where leaves are deciduous and smaller. 

On one single dome-shaped shrub the number of flowers, leaves, and lateral 
shoots varies from branch to branch. From a single bush, 107 branches were 
examined and classified according to the number of laterals which was develop- 
ing from each branch. The number of biennial leaves and the number of 
flowers were totaled within each category. The results appear in Table I. 


Fic. 2. A branch of Chamaedaphne calyculata (L.) Moench, after a photograph taken 
in February. 
terminal portion of shoot, with deciduous leaves and flower buds. 
region of biennial leaves. 
region of ephemeral scales, present in June, July. 
last year’s terminal, with empty capsules. 
old aborted terminal. 
region where new shoot will arise from leaf axil. 

Fic. 3. Schematic representation of periodicity in Chamaedaphne through two 
seasonal cycles. 

Fic. 4. Longitudinal section through an eight-year-old stem of Chamaedaphne. 
t = original terminal, L = main lateral which took over, / = small lateral which 
developed after five years. 


202 CANADIAN JOURNAL OF BOTANY. VOL. 34, 1956 


When the classification on the basis of numbers of laterals is followed, we 
perceive a decreasing ratio of flowers to leaves with increasing numbers of 
laterals. When tested for significance (using actual numbers, rather than 
ratios), at least the first four ratios appear to be significantly different, i.e. 
not due to random variation, while the trend continues in those rare cases 
where four or five laterals were developing. 


With the result of the analysis in mind it would not be too bold to suppose 
that all these features are determined by one common factor, a factor which is 
present strongly in some, more weakly in other branches, and which in each 
branch decreases from the tip of the shoot downwards. This one factor 
would: 

(1) stimulate flower formation, 

(2) inhibit vegetative branching, 

(3) inhibit growth of leaves, 

(4) stimulate or cause formation of abscission layers in the leaf petioles, 

(5) perhaps have something to do with the horizontal position of the 

branches. 

There are such factors, or substances, which are manufactured primarily in 
the apical part of the stem. The physiologists may in due time be able to tell 
whether the assumption is justifiable that there would be a single factor or 
substance produced by the plant which would cause all these concomitant 
modifications. The importance of these modifications becomes clear as we 
imagine the effect which they have upon the habit, the physiognomy of a 
single branch or a whole bush, or even a whole layer of vegetation which is 
made up by this plant. 


Response to Habitat 


When turning to plants of other habitats one will find the trends which I 
have described, operating to an extreme degree. Figs. 5, 6, and 7 illustrate 
some characteristic differences. Plants growing in a paludified bog invariably 
show vigorous development of laterals with many leaves (Fig. 6). The number 
of flowers is usually reduced. Since in the past the habitat of these plants 
has been true bog, we may suppose that they represent environmental 
modifications of the original population. The modifications must be due to a 
change in the mineral composition of the substrate. The result is not a general 
decrease in vigor and vitality but an increase in vigor (or vegetative develop- 
ment) with a decrease in vitality (the ability to complete the life cycle within 
a given habitat) and coverage. 

Plants in a forest habitat generally show a loss of vitality, while at the 
same time the leaves and laterals display a vigorous development (Fig. 7). 
There are few or no flowers and the laterals develop from the uppermost leaf 
axils; the leaves attain larger dimensions (sometime 6 or 7 cm.); the tips of 
the stems do not bend horizontally. Again we must suppose that these 
plants represent the original bog population. This is often confirmed by 
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extensive underground branching of the stem, which frequently goes down 
below the roots of the spruces. This would indicate that the same individuals 
of Chamaedaphne were established on the site at an earlier stage of succession 
than the forest. 

These examples illustrate that vigor and vitality are not synonymous or 
parallel features, but that on the contrary they seem to be opposed forces. 
In the Chamaedaphne community (sensu Segadas-Vianna (5) ) the balance 
favors flower development and high vitality, in other habitats it enhances 
vigor. The efficiency of Chamaedaphne, its ability to use the resources of the 
habitat to the full, expresses itself in a high coverage in its community. In 
the other habitats mentioned, it plays a very minor role in the vegetation. 


Conclusions 


Realizing that the evidence is purely circumstantial, I should nevertheless 
like to suggest that features of Chamaedaphne which upon superficial inspection 
seem rather unrelated form a closely integrated complex. They may very 
well be determined by one internal variable, which would thus fix the entire 
pattern of growth of the plant. I should furthermore like to suggest that 
this key variable may in turn be correlated with one single key factor of the 
environment. What the nature of the latter might be I could not indicate. 
But I believe that we should not be satisfied with the notion that all factors 
of the environment in their conjunction have some kind of regulating influence 
upon the plant. Like the plant, the environment also may be organized in an 
hierarchy of factors in which some factors occupy a key position. 

This study has concerned itself only with a small segment of the entire 
problem of phenotypic variation in Chamaedaphne calyculata. Arbitrarily we 
could subdivide the entire work as follows: 


Level 1. Determination of the environmental factors.and their hierarchy 
or juxtaposition. 

Level 2. Correlation of the key factor or set of factors of the environment 
with the key factor or substance in the plant. 


Level 3. Determination of the effects of this substance upon various parts 
of the plant, and their functions. 


Level 4. Evaluation of these effects in terms of competitive ability of the 
plant in the community. 


Such a program might throw considerable light on the mechanisms and 
environmental factors which influence competitive ability, vitality, vigor, 
aggressiveness, etc. It will be difficult to engage enough scientific power to 
carry out such work. For work at Level 1, a knowledge of soil chemistry 
and physics is necessary, while a plant sociologist would prefer to undertake 
studies at Level 4. Levels 2 and 3 are left to that rare race of scientific 
researcher: the ecological physiologist, the autecologist. 
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